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PREFACE 


Until about the beginning of the present century, the production of soap 
was based on empirical knowledge slowly accumulated over many years. The 
theoretical principles, formulated during the last hundred years, have influ- 
enced the practical soapmaker for only about three decades. 

It was fortunate for the industry that soap and its properties became of 
interest to students and investigators of colloid and other branches of physical 
chemistry. Many of the studies of the colloidal properties of matter were con- 
ducted with soap and soap solutions and, although not conducted with the 
primary purpose of solving the problems of the soap manufacturer, they 
initiated a trend toward employing scientifically trained personnel in the pro- 
duction and quality control of soap. 

It was natural, therefore, that books devoted to the manufacture of soap 
would be addressed mainly to the practical soapmaker and their scope con- 
fined to process operations with little or no consideration for the theoretical 
principles involved. One of the first books which discussed the theoretical 
principles of soapmaking was Lehrbuch der Seifenfabrikaiion ( Borntraeger, 
Berlin, 1928) by the senior author (J.D.) of the present work; it contained 
a brief chapter on this topic, and stressed throughout the theoretical principles 
underlying the various processes. Very few books in the English language 
can claim to supply the need for a detailed text on the subject of soap manu- 
facture. 

Since 1928 considerable progress has been made in our understanding of 
the structure of soap and soap solutions, of the phase behavior of soap, and 
the theory of detergency; also from the practical point of view, new manufac- 
turing processes have been developed, new raw materials and builders have 
been introduced, and synthetic detergents have become an important factor in 
the soap industry. Because of these advances in the science and practice of 
soapmaking, a comprehensive treatise on the subject seems needed and the 
present two-volume work is an attempt to fulfill this need. 

The first six chapters of Volume I are devoted to the theoretical principles 
that require understanding as a foundation for studying the practical soap 
processes which are described in the subsequent chapters. Other chapters of 
this volume deal with the raw materials used in the industry. 
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The second volume is devoted in part to a description of equipment, de- 
sign, and operations conducted on the soap-boiling floor and in those depart- 
ments in which soap is converted into its final shape. The problems of general 
technical administration are also discussed in this volume. The properties of 
soap and soap solutions which influence performance are discussed, and brief 
descriptions of the main classes of synthetic detergents are presented. The 
remainder of Volume IT deals with the recovery of glycerine and with the 
analytical control of raw materials and finished products. It was deemed 
advisable to add an appendix consisting of two chapters devoted to laboratory 
soapmaking which is intended primarily for the non-apprentice student who 
has not had practical soap-boiling experience. The practical soapmaker may 
have little interest in these chapters, but on the other hand he may find them 
helpful in indicating the ease with which the laboratory can provide informa- 
tion applicable to full-scale operation with greatly lessened risk and economy 
of time and materials. 

The authors are grateful to John McCutcheon for reading and revising 
their manuscript, to Klare S. Markley for reading the proofs and making in- 
valuable suggestions for improvement of the text, and to the publishers for 
the opportunity to present this work to the public. 


J. DavipsoHNn 
E. J. Berter 
July, 1953 A. DavipsoHN 
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CHAPTER I 


HISTORY AND STATISTICS 
OF THE SOAP INDUSTRY 


(1) History 

Soap has been known for at least 2300 years. Indeed, some authorities 
suggest that the Phoenicians made soap in 600 B.C., and used it as an article 
of barter with the Gauls. According to Pliny the Elder it was prepared from 
goat’s tallow and wood ashes. In the period of the Roman Empire the 
use of soap became quite popular. But it is still not known whether the Ro- 
mans learned to use and to manufacture soap from the ancient Mediterranean 
peoples or if they learned it, as some people believe, from the Celts, the in- 
habitants of Britannia. The Celts produced soap from animal fats and plant 
ashes, which served as alkali. They gave this product the name “saipo,” 
from which the word “soap” is derived. The importance of soap as a means 
of washing and cleasing does not seem to have been recognized until the sec- 
ond century; it is the Greek physician Galen (about 130-200 A.D.), who 
mentions soap as a medicament and a means of cleansing the body. Accord- 
ing to the physician Theodorus Priscianus (about 385 A.D.), soap was used 
as a shampoo, and he is the first to mention the profession of the “Sapona- 
rius,” or soap boiler. 

About 800 A.D., the celebrated Arab chemist, Jabir ibn Hayyan (Geber), 
the “father of alchemy,” repeatedly mentions soap as an active means of 
cleansing in his writings. 

After the fall of Rome the history of soap is very scantily recorded. In 
the Middle Ages the center of soap production was at Marseilles. Later on 
the mantle passed to the cities of Genoa and Venice. It is often claimed that 
soap manufacture in the Middle Ages was developed mainly in Germany, but 
this seems unlikely, as the use of soap in Central Europe at that time and even 
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later was so unusual that a box of soap presented to the Duchess of Juelich 
in 1549 caused quite a sensation; and even as late as 1672 when the German, 
A. Leo, sent Lady von Schleinitz a parcel with soap from Italy he accompanied 
it with a detailed description of how to use this mysterious product. 

The first English soap-maker probably lived at the end of the twelfth 
century in Bristol, where the soap was then being made. In the thirteenth 
and fourteenth centuries a small community of soap makers grew up in the 
neighborhood of Cheapside, in London. In those days the soap makers had 
to pay a duty on every ton of soap they produced. After the Napoleonic 
Wars the tax was as high as three pence on every pound of soap, and the 
soap-boiling pans were fitted with lids that could be locked every night by 
the tax collector in order to prevent production under cover of darkness. It 
was not until 1853 that this high tax was finally abolished—at a sacrifice to 
the state of over a million pounds sterling. It is easily seen from this that 
soap was used to a great extent at that time. 

In an article on the development of the so-called “Marseilles soap,” E. 
Maurel* presents some interesting historical facts. Soap makers in this 
famous town of early soapmaking kept their processes secret, and not even 
the Academy of Marseilles in 1769 could induce them to reveal their secrets 
when they offered a prize for a paper on the best way to manufacture soap. 
It was not until five years later that a paper was finally submitted, but it was 
not the work of a member of the trade. It was written by a layman who ad- 
mitted frankly that the subject matter had been confided to him by a friend 
who was a soap maker. On the eve of the French Revolution the production 
of soap from Marseilles had already reached the figure of 3500 tons per year 
—a respectable one for those days—produced by thirty-four small factories. 

Trademarks on the pieces of soap and on the packing cases date from the 
end of the eighteenth century. From this time onward the Marseilles industry 
began to export (chiefly to America) quantities of soap which for that era 
attained no mean figure. 

Production mounted steadily, and according to one author there were 140 
boilers at Marseilles in 1760, 152 in 1775, 236 in 1789, and 360 at the begin- 
ning of the First Empire. The manufacture of artificial soda by the LeBlanc 
process, discovered at this time (1804), gave a real impetus to the soap 
trade. 

In earlier times Marseilles soap was produced mainly from olive oil. In 
the time of the Restoration, about 1815, a number of poor olive harvests ham- 
pered the Marseilles soap industry, which had to look for other oils for soap 


1. Maurel, Corps Gras, January, 1944, through Soap Perfumery & Cosmetics, 19, 
289-290 (1946). 
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production. Soap makers were induced to use more and more seed oil, and 
the parallel development of steam navigation and improvements in colonial 
ports could provide oils in increasing quantities each year. This had the 
effect of changing the soap formulas, and, as is done today, fat and oil stocks 
were carefully blended from seed oils, tallow, and coconut oil. 

The use of soap became common indeed in the last century. Justus von 
Liebig, the famous German chemist, declared in the second half of the century 
that the quantity of soap consumed by a nation would be no inaccurate meas- 
ure of its wealth and civilization, and that, of two countries with an equal 
amount of population, the wealthiest and most highly civilized would con- 
sume the greatest weight of soap. 

In this connection, Table 1-1 may be of interest. It must be mentioned 
that recent statistics in the U. S. show a certain decline in the per capita 


consumption of soap, i.e., 9.6 kg. per year in 1951. This is probably caused 
by the increased use of synthetic detergents. 


TABLE I-1 


Per Capita CoNstMPTION Per YEAR OF SOAP (IN 1931) 


Consumption 
Country 
Pounds Kilograms 
United States 25 114 
Netherlands 24 10.9 
Great Britain 20 9.1 
France iF? ed 
Germany 13 5.9 
Japan fe if 32 
Brazil 6.8 Sul 
Russia ee 5.7 2.6 
GIES ee 4.0 oz. 0.12 
China = 2.0 oz. 0.06 
Worldmavercce 6.6 3.0 


Soap-boiling methods probably evolved through the centuries along the 
following lines. First, simple wood or plant ashes containing potassium 
carbonate was dispersed in water, and fat was mixed into the solution. This 
was then boiled, the water evaporated, and ash added again and again to the 
“soap kettle” on the fire. During this process a slow splitting of the neutral 
fat occurred; the fatty acids could then be saponified with the alkali car- 
bonates. Animal fats containing a percentage of free fatty acids were used 
by the Celts. The presence of free fatty acids certainly helped to get the proc- 
ess started. This method very probably prevailed until the end of the Middle 
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TABLE 1-2 


QuanTiTy (IN THOUSANDS) OF PRopUcTs, TOTALS FOR THE UNITED STATES IN 1947 


Quantity produced 
Product thousands 


Soap, except specialty soap: 
Bars: 
Toilet : ee aes Pee are 565,617 Ib. 
Laundry and household: | 
AA Pty pies eae cess EAea ss Gee ee ee ee Lee 406,561 “ 
iellowie wee eet : poles ms 358,329 “ 
Other (including industrial) ) Sis es ee 28,105 “ 
Chips and flakes: 
Packaged are iA eA 2 227,961 “ 
Bulk ane 


195,106 “ 


Granulated, pode and sprayed: 
Packaged Ris we eee dee Ee 1,412,458 “ 


Bulk = re 133,989 “ 


Washing powder: 
Packaged pa a ee ee 84,839 “ 
Bulk - fee ee eee? Set ES ON EEE ae, 106,318 “ 


Cleansers, containing absasives: 
Packaged So 267,087 
Bill he ee nein hc eee ew A Ue L185. 


Paste and jelly (potash and d other) : 
Packaged a 12,931 Ib. 
oad ee ee 2 ee ie et 33:0i15:5* 
Specialty soaps: 
Shaving cream lather: 
BLS a be Sgirnsen te tee eee ee eee ce eee Oe tree 9,049 
Jar : 
Shaving soap —_ 
Glycerine (100% basis) : 
Cri ese eee ee ee eee aod — 206,186 “ 
High gravity, dynamite, and gure distilled aLtneer 86,943 “ 
Chemically pure ee ee eens : - 103,900 
Synthetic organic detergents: 
Not in combination with soap or other detergents: 
Liquid: 
Bulk Sie, Seige Onan 3,783 “ 
Solid: 
Packa pe lteees = seen Senne. eee es 243,734 Ib. 
i < o  e BAe a eet 14,849 “ 


In combination with soap: 


Packaged Shh et ech < ool ee 397 gal. 
Ra 1,040 “ 


Solid, packaged and bulk eben tia aS D4 17,304 Ib. 
In combination with alkaline detergents: 


Packaged ee , 82 gal. 
Bulk See Weare Peat ee er 1,138 “ 


Packaged aeons une ce Sees BS ree bE Pet be — 23,048 Ib. 
Bulk - er * ol oe = 58,992 “ 


Sree detergents: 
Solid 


Backaped Fe A ee es 96,030 “ 
Bulk Se ee 297,090 “ 
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Ages. Then came a new development with the process of causticizing of the 
alkali carbonate with slaked lime. Through this process, neutral fats could be 
saponified easily with the caustic lye deriving from the process of causticiz- 
ing. 

Since the ash from land plants gave only potassium carbonate the soaps 
manufactured in Central Europe were a type of soft soap. The soap industry 
in coastal towns could use ash from sea plants which contain sodium carbon- 
ate. Thus, a hard soap could be produced in Marseilles, Genoa, and other 
coastal towns. It is possible that at many places in Europe the soft potash 
soap was transformed into hard sodium soap by treatment with brine solution. 
Unfortunately, we do not know when the process of “salting out” was invented, 
but it is very likely that it is centuries old. With the invention of the LeBlanc 
soda process cheaper sodium carbonate became available and hard soap be- 
came the important product it is today. 

Another factor helped to develop the soap industry. It was the work of 
the French chemist, Chevreul, who in 1823 showed that the process of sa- 
ponification is the chemical process of splitting fat into the alkali salt of fatty 
acids (that is soap), and glycerine. 

The introduction of soap boiling with open steam at the end of the 19th 
century was another step on the road of soap production from a handicraft 
to an indusiry. 

Many other developments of a technical nature also had a great influence 
on the industry as a whole: the introduction of rosin in the soap kettle about 
1850; the use of sodium silicate by Gossage in England about 1870; the hy- 
drogenation of oil to suitable soap-making fats just after the turn of the 
century. Technical developments during World War I may be said to hinge 
on the processes for oil polymerization, on the production of synthetic fats 
from hydrocarbons, and on the new type of synthetic detergents. This last 
did not receive world-wide prominence until after World War II. It is still 
too early to form any immediate evaluation, although it would appear that 
of 4000 million pounds of detergents sold in 1948 approximately 3200 mil- 
lion pounds comprised soap. and 800 million pounds comprised synthetics.? 

Last, but perhaps of far greater significance to the soap industry, are the 
new continuous methods of saponification and boiling that are being used at 
the present time in all parts of the world. 


(2) Statistics 


In 1939, 595 United States soap plants provided employment for 17,349 
persons in the production of soap valued at $302.634,474. 

The data in Table I-2 from the 1947 L. S. Census of Manufacturers show 
the rapid growth of synthetic detergents in this field. 
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Now to consider some figures which illustrate energy consumption in the 
soap industry as represented by fuel and electricity purchased in terms of 
per cent of total value of products: 


Electricity 


of. 
Fuel, % purchased 


All chemical process industries in U. S., average ___ 4 1 
Soap industry in U. S. - ne S 0.75 0.253 


The cost of labor that goes into the value of products is below 20% in the 
soap industry in comparison to more than 50% in coal mining, 40-50% in 
steel production, 30-40% in the textile industry and in the machine tool 
industry, 25-30% in chemicals-producing industry, and 20-25% in the 
petroleum industry. Thus it is seen that labor represents a smaller than 
usual portion of the cost of soap products. 

A chart of operating ratios for 2688 firms in 89 industries, including 
soap, was prepared from data compiled by the U. S. National Industrial Con- 
ference Board based on studies made by the Federal Trade Commission of 
corporate reports for the year 1940 (a rather normal year for the U. S.*). 
Table 1-3 lists the ratios for the 20 soap companies whose costs were analyzed: 


TABLE I-3 
Pee Post 
Raw material eee eee 50.35 18 
Direct labor cae aL, WORN reel PET ae 3.44 89 
Indirect labor - een ee 253) 71 
Bye reel EL OI ace ne 1.25 75 
Repairs and maintenance aaa: EN = 1.43 65 
Other costs and finished goods 4.22 74 
Corporate taxes 2.93 2 
Social Security and pension fund payments 0.49 88 
Research and development 0.55 au 
Selling and delivery - : 8.89 34 
Advertising wl oe 10.94 4 
Administrative and general office expenses 2.30 78 
Uncollectable accounts . 0.16 43 


Now something about the safety factor in the soap industry. Table 1-4 
lists the disabling injuries in the United States in 1939 for all the chemical 
industries compared with corresponding figures in the soap industry alone.® 

2R, N. Shreve, The Chemical Process Industries, McGraw-Hill, New York, 1945, 
p. 63. 


2 Distributed by Association of American Soap and Glycerin Producers, Inc. 


4R. N. Shreve, ibid., p. 35. 
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From these figures it is evident that safety in the soap industry leaves some- 
thing to be desired as compared to the average in all chemical industries. 


TABLE I-4 
Cl, and 
Allpaaner Labor-  ikali Soap Vegetable 
atories wai mfg. oil mfg. 
Number of industrial units os 417 13 12 31 30 
Man hours worked, thousands 305,535 4,202 15,206 24,760 7,609 
Av. number of employees - 144,378 2,062 6,645 12,556 3,850 
Number of disabling injuries 
Death and permanently totally 
disabling 40 0 2) 2 0 
Permanent partially disabling 172 0 3 32 9 
Temporary totally disabling 2,073 3 57 234 131 
Total - — 2,285 Bi 62 268 140 


Injury rates 
Frequency 7.48 0.71 4.08 10.82 18.40 
Severity 1.26 0.003 0.96 32 1.42 


PART A 


Theoretical Principles of Soap Manufacture 


EO OOOO EE — EE ESE 


Introduction 
DEFINITION OF THE TERM “Soap” 


In a strictly chemical sense, any compound formed by the reaction of a 
water-insoluble fatty acid with a metallic radical or with an organic base may 
be called a “soap.” Practically, however, the soap industry is concerned 
mainly with those water-soluble soaps which result from the interaction be- 
tween fatty acids and alkali metals. It must be pointed out, though, that in 
certain cases the salts of fatty acids with ammonia or with triethanolamine are 
also used as technical soaps (e.g., in shaving preparations) . 

In addition to the fatty acids proper, abietic acid and the naphthenic acids 
are also capable of forming salts with alkali metals, and these compounds are 
water soluble and display “soaplike” properties. 

Salts of fatty acids with heavy metals or with alkaline earth metals are 
water insoluble and are, as a rule, termed “metallic soaps.” 
detergent or soaplike properties. 

The process which takes place when a soap is formed from a fatty acid 
and an alkali metal by the action either of a caustic alkali on a neutral oil or 
on free fatty acid, or of an alkali carbonate on a free fatty acid, is called 
saponification. A neutral oil is a compound of three molecules of fatty acids 
with one molecule of glycerine. Such compounds are termed esters, and in 
this special case triglycerides. Whenever the soapmaker uses the term 
saponification he means that three molecules of soap have been formed and 
one molecule of glycerine liberated from one molecule of triglyceride by the 
action of three molecules of alkali. The term is, however. also applicable to 
a process in which only one molecule of free fatty acid arid one molecule of 
alkali are involved, but in which only one molecule of sozp is formed. 

The following equations represent the saponification of triglyceride by 
sodium hydroxide (1) and the saponification of free fatty acid by sodium 
hydroxide (2) and by sodium carbonate (3). 

It will be necessary to keep in mind that, in organic chemistry, the use of 


They possess no 


the term saponification is not restricted to the above described combinations 
of alkali with free fatty acids or the splitting of a triglyceride by caustic al- 
kali. In the broader sense the term covers the splitting of an ester (reaction 
product of an alcohol and an acid) into its components by the action of alkali 
or acid, or simply by water. Accordingly, the process of splitting a neutral 


INL 
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fat into fatty acids and glycerine by any of the known technical processes (by 
autoclaving, by Twitchell reagent, or by the fermentation process) would 
also be termed a saponification process. The term saponification for reac- 


CH,00C—(CH2) 1s—CH:; CH.0OH 
(1) CHOOC— (CH) x—CHs + 8NaOH -> CHOn + 8CH:—(CHz2) 1s—COONa 
CH.OOC—(CHz) e—CHa CH.OH 
Stearic acid—triglyceride ae Glycerine Sodium stearate 
(Mol. wt. 89Q) , 3x 40= 120) (Mol. wt. 92) (Mol. wt. 3 x 306 = 918) 
(2) CHs- -(CH2)ie—COOH+ NaOH ~-—*CH; -(CH2).; -COONa+ HO 
Stearic acid Caustic soda Sodium soap Water 
(3) 2CH.:—(CHe)ic COOH + Na-CO; —* 2CH: —(CH:.)., -COONat+ CO. + H,O 
Stearic acid mre rate Sodium soap ae Water 


tions which fail to lead to the formation of soap is undoubtedly a misnomer 
and it would be more correct to call such ester-splitting reactions hydrolysis. 
In the following, the term saponification will be used exclusively for reactions 
that result in the formation of soap. 


CHAPTER II 


THEORETICAL ASPECTS OF SAPONIFICATION OF 
FATS WITH CAUSTIC ALKALI SOLUTIONS 


(1) Neutralization of Free Fatty Acids 


Caustic alkali solutions react spontaneously when brought into contact 
with free fatty acids, and soaps are formed almost immediately. Stoichio- 
metrically equivalent quantities of the two components, é.g., 282 grams of 
oleic acid and a solution of 40 grams of caustic soda, will form a solution of 
304 grams of soap at any temperature, provided that care is taken for ade- 
quate mixing and agitation. The saponification reaction between fatty acids 
and caustic or other alkalis is an exothermic process. The heat generated by 
saponification of one molecule of fatty acid—the molecular heat of neutrali- 
zation- amounts to about 14 calories. 

It would appear from equation (4) that free fatty acids could be com- 


(4) 2R--COO!] + NasCOs == 2R-—COONa + !1.0 + COz 


pletely saponified at any temperature by alkali carbonates as well, provided 
that the liberated carbon dioxide is separated continuously from the reaction 
product. However, at low temperatures carbon dioxide is able to liberate the 
free fatty acid from dilute soap solutions, a reaction which takes place at 
higher temperatures, only to a very small extent. For this reason, the com- 
plete neutralization of a fatty acid by alkali carbonate solutions can be car- 
ried out in a practical way only at boiling temperature. In principle, neu- 
tralization with alkali carbonates could be carried out at lower temperatures 
only if the liberated carbon dioxide could be eliminated by means other than 
boiling, e.g., by application of a vacuum or by strong agitation with mechani- 
cal means or even by air. 
13 
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(2) Saponification of Neutral Fats 


Reactions between neutral fats (triglycerides) and alkali carbonates do 
not occur readily under current technical conditions, Even the reactions 
between caustic alkali and neutral fats do not start spontaneously. For the 
initiation of reactions of this kind, certain conditions must be fulfilled. The 
saponification reaction will start when: 


(a) Fats containing low molecular weight fatty acids (coconut oil, palm kernel oil, 
etc.) are agitated with highly concentrated (above 38° Bé) caustic alkali solutions at 
low temperatures. 

(6) When oil or fat is emulsified with concentrated alkali by intensive agitation in 


the cold. 

(c) When oil or fat is mixed with concentrated caustic alkalies at low temperature 
in the presence of a suitable catalyst. 

. (d) By mixing preheated fats and concentrated caustic alkalies and maintaining 

an elevated temperature (around 90° C.) during agitation. 

(e) By boiling fats with aqueous caustic alkalies of various concentrations. 

(f) By heating fats with alkalies under pressure. 

(g) By heating fats with water-free alkalis in the presence of solvents. 


(3) Heat of Saponification of Neutral Fats 


When saponification starts under any of the above sets of conditions, 
heat is always evolved as a result of the reaction. This fact is utilized in the 
“cold-made” soap process. 

As was pointed out by Lascaray,‘ the total reaction heat of the alkali 
saponification of fat must be regarded as composed of: (1) the molecular 
heat of hydrolysis of a triglyceride and (2) the molecular heat of neutraliza- 
tion of the fatty acid. The heat of hydrolysis for one mole of triglyceride 
has been established at 18 Calories. The molecular heat of neutralization 
is 14 Calories. The saponification of 1 mole of triglyceride will therefore 
yield 18+(3x14) =60 Calories. This means that the comparatively 
small molecule of coconut oil (molecular weight about 680) and the large 
molecule of olive oil (about 880) will produce the same amount of calories 
when transformed into soap; however, 1 kg. of liquid coconut oil will 
produce 60 — 0.68 = 88 Cal. and 1 kg. of olive oil 60 --- 0.88 = 68 Cal. when 
transformed into soap by alkali saponification. 


1L, Lascaray, in Hefter-Schoenfeld, Chemie und Technologie der Fette und Fett- 
produkte, Vol. IV, Springer, Vienna, 1939, p. 172. 
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(4) Kinetics of Saponification 


(A) SAPONIFICATION A BIMOLECULAR REACTION 


In order to acquaint ourselves thoroughly with the phenomena of a chemi- 
cal reaction we must study its course as it progresses at various temperatures 
and through a sufficient period of time. The rate at which a chemical reac- 
tion proceeds is proportional to the concentration of the reacting substances. 
In the saponification reaction there are two kinds of molecules involved—the 
triglyceride and the saponifying alkali. The mathematical expression of 
this reaction must have different characteristics as compared with the reac- 
tion which involves, for instance, only the decomposition of a single molecule, 
or with the reaction in which more than two kinds of molecules take part. 

Ordinary fats and oils are practically insoluble in water or in caustic al- 
kali, and therefore the reaction mixture must be regarded throughout the 
whole process as essentially heterogeneous. In spite of this conception of 
heterogeneity, fat is to some small extent dissolved in the caustic alkali solu- 
tion, and the saponification is restricted to this homogeneous part of the 
system. Under this circumstance the rate of saponification will be the sum 
of two components: the velocity with which the fat is dissolved in the caustic 
solution and the velocity with which this dissolved fat is saponified in homo- 
geneous solution. The second of these components, the rate of the chemical 
reaction taking place in solution, must be assumed to follow the laws estab- 
lished for molecular reactions. This assumption is supported by experiments 
with the water-soluble acetic acid esters of glycerine. 

Let us call the concentration of an ester before sapon‘fication has taken 
place “A” and the concentration of the alkali present at the same time “B.” 
After a certain period of time has elapsed, say ¢ minutes, the alkali will have 
reacted upon the ester and the remaining portions of ester and alkali are 


called, in terms of concentration, “C,” and “C,.,” 


respectively. The saponifi- 
cation of glyceryl monoacetate with a 0.02 NV caustic potash solution has been 
studied’ very accurately at two temperatures, 18 and 25° C. The reacting 
mixture was analyzed after 8, 11, 15, 25, and 30 minutes and the values for 
C, and C, were tabulated. 

Since A and B were known, it could be shown that the values for ¢ fit 


into the following equation: 
lee Be 
fA Bi AC 


2J. Meyer, in Ubbelohde-Heller, Handbuch der Oele und Fette, Vol. 3, Hirzel, 
Leipzig, 1930, p. 3. 
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This is the mathematical expression for a bimolecular reaction, and is 
confirmed because the experimental values for C; and C, satisfy this formula. 
k is a constant for any given temperature, and for any value of ¢ it is called 
the reaction velocity constant or, in this case, the saponification constant. 
k depends only on the saponification temperature. Since the value of k is 
known, it is possible to calculate how far saponification has progressed at a 
given time. If & is calculated for two different temperatures, the influence of 
temperature on the velocity of saponification may be determined. 

In the case above, & was found to be 8.05 at 18° C. and 17.05 at 25° C., 
which means that the velocity of the reaction is more than doubled by in- 
creasing the temperature by 7° C. 

The soapmaker deals with triglycerides or ester compounds in which one 
molecule of glycerine is bound with three molecules of fatty acids. In such 
a compound there is at least one position, the secondary OH group, which 
can behave differently from the two primary positions: 


CH.OCOR (primary) 
CHOCOR (secondary) 
CH.OCOR (primary) 


The saponification velocity of the secondary group has been reported to be 
different from that of the primary ones. However, when the course of the sa- 
ponification reactions of glycerine di- and triacetates, as well as that of mono- 
acetate, was studied as described previously, primary and secondary group 
constants were found to be almost identical. This serves as proof that all three 
ester groups in the triglyceride molecule are saponified by caustic alkalies at 
the same rate when all other conditions are the same. 


(B) THE GRADUAL COURSE OF SAPONIFICATION OF A TRIGLYCERIDE 


The foregoing should not be misinterpreted by assuming that the saponifi- 
cation of a triglyceride progresses by a simultaneous attack on all three ester 
groups. Such a mechanism would involve four molecules (one glyceride and 
three alkali molecules), and would therefore represent a tetramolecular reac- 
tion. The experimentally observed bimolecular mechanism clearly indicates 
that saponification starts by splitting off one of the three fatty acids from the 
triglyceride molecules and that the diglyceride thus produced is subsequently 
partially saponified into another molecule of soap and a monoglyceride. It 
is then the monoglyceride which is finally saponified to produce free glycerine 
and a third molecule of soap. 

As to the velocity with which the various stages are transformed into one 
another, it is very likely that the rates of saponification of tri-, di- and mono- 
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ester are in the ratio 3: 2:1, respectively. The following formulas illustrate 
the possible transformations: 


CH2OCOR 
: CHOCOR, = == fe 
| CH-OCOR | 
| 
CH.0H CHeOR 
I mole ee 1 mole 
ye + CHOCOR CHOH + paar 
CH,OCOR CH.OCOR 


hy 
Keka 38 22021) 


I, | 
CH:OH CH.OH 


1 mole + CHOCOR — — —_—__—_—+ |CHOH ay 1 mole 
soap ; soap 
CH-OH CEOCOE 

CH.OH 
CHOH si 
CH.OH 


+ 1 mole soap 


(C) Is SAPONIFICATION OF Fats A HOMOGENEOUS 
oR HETEROGENEOUS REACTION? 


Until now, only such kinetic studies were discussed which were carried 
out as model reactions on the water-soluble acetic acid esters of glycerine. 
There was a great deal of controversy about whether or not the ordinary fats 
follow the same course of reaction as established on the homogeneous models, 
in spite of being insoluble in water or caustic alkali solutions. 

One of the arguments against the theory of the gradual course of saponifi- 
cation was that, in view of the fact that mono- or diglycerides have never 
been found as such in saponification mixtures, it is unlikely that such prod- 
ucts should indeed be involved in the course of the saponification of ordinary 
fats. Davidsohn® did show, however, that in products of cold progess sa- 
ponification the unsaponified fat always contains mono- and diglycerides. 

It has been explained that the originally water-insoluble fat must some- 
how find its way first into the water—caustic phase prior to its saponification. 


J. Davidsolm, Seifensieder Ztg., Augsburg, 1927, Nos. 16 and 17. Also K. L. 
Weber, ibid., 1921, p. 3. 


18 A. THEORETICAL PRINCIPLES 


A diglyceride of a water-insoluble fatty acid is much more water soluble than 
its triglyceride, and a monoglyceride is even more so. Thus, one would ex- 
pect mono- or diglycerides to be absorbed much more quickly by the aque- 
ous phase and therefore to disappear at a greater rate of speed than would 
be lhe case with a triglyceride. This probably explains the fact that mono- 
and diglycerides were seldom found in saponification mixtures in practice, 


(D) SAPONIFICATION VELOCITY AND TEMPERATURE 


The general rule of Van’t Hoff states that with each temperature incre- 
ment of 10° C. the reaction velocity will be approximately doubled. For the 
saponification of acetic acid, the reaction rate was shown to be more than 
doubled for a temperature increase of 7° C. (see Sect. 4A). Norris and 
McBain* found for soybean and coconut oils that the rate of saponification 
increases 1.3 to 1.6 times when the temperature is raised 10° C. Smith® 
studied the cold saponification of cod liver and coconut oils and found that 
an increase of 20° C. could increase the velocity of saponification by two to 
eight times the original rate. 

According to Smith, however, the effect of temperature on the rate of 
saponification must be regarded as not being controlled solely by the laws of 
chemical kinetics. The net rate of saponification is determined, in addition 
to temperature, by other factors as well; these factors may be summed up as 
the physical state of the soap at any given moment of the saponification proc- 
ess. The solubility of oil and alkali in the soap, as well as the rate of diffusion 
of oil and alkali in the soap, are dependent on the physical condition of the 
soap particles. This physical condition, in turn, is a function of temperature, 
and the variation of physical conditions with temperature will thus also indi- 
rectly affect the rate of saponification. 


(5) The Stages of the Saponification Reaction 
(A) GENERAL 


Even by assuming that very small quantities of fat can be dissolved in the 
caustic alkali solution, this cannot fully explain certain very high saponifica- 
tion velocities that may be observed in practice. On the other hand, the pos- 
sibility of saponification taking place in the fat was denied because OH ions 
are known to be practically absent from the fatty phase. Therefore, it had to 
be assumed that the reaction occurs preferentially on the interface of the 
emulsion between the fat and caustic alkali solution. 

Norris and McBain? studied the saponification of coconut and soybean oil, 
triolein, and tripalmitin by boiling these oils with caustic alkali solutions 


4M. H. Norris and J. W. McBain, J. Chem. Soc. London, 121 and 122, 1363 (1922). 
5 E. L. Smith, J. Soc. Chem. Ind., 51, 337T (1932). 
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under reflux and determined the rate of reaction. They found that the 
initial velocity was low; then came a period of very rapid saponification; and 
at the end the rate of reaction decreased considerably. Agitation at the be- 
ginning increased the rate of reaction of the first, otherwise very slow, phase 
to twenty times the original rate. This seems to indicate that the first phase 
of saponification depends to a very large extent on the degree of emulsifica- 
tion between the fat and caustic solution. The practical soapmaker is well 
acquainted with these three phases in soap boiling, as described by McBain 
and his associates on the basis of their studies of saponification kinetics. 
While in the first slow period the reaction rate seems to depend on the proper 
state of emulsion existing between the components, in the second stage, dur- 
ing which saponification progresses very quickly, the reaction seems to pro- 
ceed not at the emulsion interface but in solution. 


(B) Tur Emutsion PHASE 


It is well known that the stability of an emulsion is greatly affected by the 
presence of an emulsifier between the components. In our case, the soap itself 
serves as an excellent emulsifier for oil-in-water emulsions. The saponifica- 
tion mixture will therefore represent, in its first stage, a system in which oil 
globules are more or less finely dispersed in the caustic alkali solution. This 
stage will not be reached at once, and prior to the formation of the emulsion 
sufficient amounts of soap must be formed so that it can enter into its role as 
an emulsifier. This formation of the initial quantities of soap will probably 
proceed according to the rules stated above, that is, by gradual formation of 
the whole range of glycerides. 

However, the soap cannot act as an emulsifier when the presence of excess 
alkali or of other electrolytes interferes with its solubility in water. It will 
be seen later that the soaps of certain fats are extremely susceptible to influ- 
ence of electrolytes and are liable to be “grained out” by concentrations of 
salt or caustic as low as 4 to 5%. Such oils are olive oil, peanut oil, and 
tallow; while coconut oil and castor oil are far less susceptible. “Graining 
out” means that the soap loses its solubility in water and is precipitated as a 
curd containing 30% or less occluded water. 

In the interest of good emulsification, it is therefore most essential that, 
at the beginning, an excess concentration of alkali or other electrolyte should 
not be used. Otherwise, at a certain maximum limit of electrolyte concen- 
tration the soap would be grained.out and the emulsion would cease to exist, 
and the rate of saponification would drop at once to a very considerable ex- 
tent. In the case of coconut oil the emulsion is able to withstand much higher 
caustic concentrations than in the case of, say, tallow. At any rate it is al- 
ways good practice to start the addition of caustic by first adding weak solu- 
tions or by making sure that sufficient water had been added to the oil at the 
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beginning so as to dilute the strong alkali. If too high a concentration of 
alkali accidentally enters the saponification mixture at any time during the 
saponification, it is good practice to stop agitation and boiling. The layers 
will eventually separate and the fat layer will consequently contain less alkali; 
but the fat layer will retain some soap and saponification will then proceed 
much more quickly in this separated Jayer than in the presence of large ex- 
cesses of alkali. Eventually the emulsion will take on the character of a fully 
homogeneous mass and the rate of reaction will quicken, showing that the 
saponification has entered a new phase. 


(C) Tur Autocaratytic Rote oF Soap MICELLES 


This new phase is recognized by the outward appearance of the soap-lye- 
fat emulsion, which becomes more or less transparent at this stage although 
it still contains large quantities of unsaponified fat. 

It was known for some time that aqueous soap solutions are able to dis- 
solve fats and other organic substances, and it was emphasized by Pickering,® 
Hartley,’ and Smith® ° that such systems are true solutions and not emulsions. 
It was shown later by some of these investigators that fat can be dissolved 
by a soap solution only when the soap concentration is above a certain mini- 
mum limit, and that above this minimum concentration the solubility of fat 
in the soap solution remains constant. 

The explanation given by Hartley for this phenomenon was that soap solu- 
tions, when above the observed minimum concentration, contain “soap mi- 
celles” which are able to dissolve fats. According to Hartley, these micelles 
consist of fatty acid ions aggregated into one spherical drop in such a way 
that the carboxyl groups at the end of the paraffin chain point outward toward 
the water, while the remainder of the paraffin chain remains oriented more or 
less in the direction of the center of the drop. The carboxyl group is hydro- 
phylic, while the paraffin chain of the fatty acid behaves like a pure hydro- 
carbon and is therefore insoluble in water and tends to withdraw from the 
solution. The center of such a micelle would consequently behave similarly 
to a drop of paraffin or other solvent and be able to dissolve fat. This con- 
cept is now generally accepted, with the modification suggested by McBain,'° 
who replaces Hartley’s spheric concept with what he calls a “lamellar micelle.” 
See Figures II-1, 2.1 In such a lamellar micelle the oil is sandwiched in 
the hydrocarbon layers between parallel planes of soap molecules. 


6S. L. Pickering, J. Chem. Soc. London, 111, 86 (1917). 

7 Hartley, Wetting and Detergency, London, 1937, p. 161. 

8E. L. Smith, J. Phys. Chem., 36, 1401, 1672 (1939). 

9K. L. Smith, ibid., 2453. 

10 J, W. McBain, in Advances in Colloid Science, Vol. I, Interscience, New York, 
1942, p. 118. 

11K, Tomlinson, Manufacturing Chemist, 15, 199 (1944), 
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It was possible to introduce direct evidence by x-ray diffraction concerning 
the manner in which soap solution solubilizes the hydrocarbon benzene. It 
was shown that the length of an anhydrous sodium oleate molecule is 24.5 
angstrom units (1 A.=1x10* mm.), and it was found that the lamellar 
micelles formed by two layers of sodium oleate measured 91 A. The in- 
creased spacing is due to the incorporation of an aqueous layer 42 A. thick 
between the two layers of anhydrous soap.’ When benzene is solubilized in 
the sodium oleate solution, the lamellar micelles expand to incorporate sheets 
of solubilized molecules between the hydrocarbon ends of the soap layers, 
and the x-ray spacing increases from 91 to 127 A. (See Figure II-3.*7) 


eo. |. @ 


Fig. IL-1. Lamellar micelle.!1 Fig, 1-2. Spheric micelleo 


Smith*® first drew our attention to the possibility that during the period 
vf rapid saponification and when approaching the stage o/ semitransparency, 
the fat might actually be dissolved in the soap globules present in the solution. 
He investigated the rates of the reaction of cod liver oil and of coconut oil 
with aqueous solutions of sodium and potassium hydroxides of varying con- 
centrations at 25 and 45° C. In spite of the fact that these conditions cor- 
respond to cold saponification the results are applicable also to the method 
of soap manufacture by boiling. We have stated, when explaining the con- 
ditions prevailing during the saponification in emulsion, that great care must 
be taken to avoid excess electrolyte or caustic, as these grain out the soap 
and the ideal state for this stage, the oil-in-water emulsion, can be destroyed.'* 

12 J, W. McBain, in Advances in Colloid Science, Vol. I, Interscience, New York, 
p. 124, 


13 EF. L. Smith, J. Soc. Chem. Ind., 51, 337T (1932); and Soap. 8, No, 12, 59 (1932), 
14K, J. Better, Seifensieder Zitg., 61, 145 (1934). 
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With the cold process there is at the beginning a large excess of caustic alkali 
present, which must salt out the soap completely, and it is known that soap 
in this state tends to promote the formation of inverted or water-in-oil emul- 
sions. 

When a cod liver oil soap solution is salted out in the cold with a large 
excess of soda, the soap appears as finely granular particles of curd. If the 
temperature is raised the curd particles soften, conglomerate, and become 
gelatinous. The more concentrated the alkali, the higher the temperature at 
which this effect occurs. The softening undoubtedly indicates the transfor- 
mation of some of the soap present to the anisotropic gel phase, neat soap 


meme AS INLALIII “na mae 
Eee “Water same | 42.A 
LTTE TTT TTT 2ssa 
127 Ay Benzene __ | 36A 
UL Aaa hb 24s * 


. Water ~ 


PTTITTTTTTT 


Fig. II-3. Schematic diagram of a micelle in a system in 
which 100 grams of an aqueous solution of 9.12 grams of sodium 
oleate solubilized 72 grams of benzene (0.791 gram benzene per 
gram oleate) .12 


(see Ch. IV, Sect. 4). When excess oil is present, moreover, there is evidence 
that the soap dissolves or absorbs a considerable proportion of oil, which 
tends to soften the curd—neat mixture. 

Throughout these cold process experiments, the course of reaction was 
characterized by a marked period of induction, followed by a rapid increase 
in rate to an almost constant value showing little diminution up to 80 to 90% 
of the reaction, after which the reaction rate decreased as the reaction ap- 
proached completion. Such behavior is characteristic of an autocatalytic 
reaction and has been noticed previously, in studies on the saponification of 
oils, both by the cold process and by the soap boiling process. The special 
significance of the study of E. L. Smith, however, was to be found in the 
fact that the reaction pursued the same course when the saponification mix- 
tur was left entirely at rest and at constant temperature after the preliminary 
emulsification. 
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This study of the mechanism of the saponification led to the following 
conclusion. There is evidence that both oil and alkali are soluble in soap in 
the form in which it occurs in cold saponification mixtures. Since there is 
also evidence that the soap is situated at the oil -alkali interface, and there- 
fore in intimate contact with both phases, there is every likelihood that the 
soap will serve as the reaction medium. This would account satisfactorily for 
the velocity of saponification increasing continuously up to about half-reac- 
tion. The reaction is autocatalytic because the reaction medium (soap), is 
itself a product of the reaction. As more is formed, a greater proportion of 
the oil and alkali can be dissolved and react in a given time. A stage must 
occur, however, when sufficient soap has been formed to dissolve all the re- 
maining oil, and from this point on the reaction rate must decrease. From 
what is known of the solubility of oils in soap, this would be expected to occur 
just after 50% of the reaction has been completed, a fact confirmed by ex- 
periment. It must further be concluded that the concentration of alkali in 
the soap is practically independent of the alkali concentration in the lye with 
which it is in contact, since experiment has shown that the saponification 
rate, within limits, is independent of alkali concentration. The curd or neat 
soap in which alkali and fat are dissolved can be regarded altogether as a 
single phase and if this is so, the saponification reaction can be considered 
as a homogeneous reaction, contrary to the previous view which held it to be 
heterogenous. 

The actual circumstances in which the saponification reaction occurs, 
whether in the soap micelle according to what seems to be Smith’s conception, 
or on the surface of the micelle, are not yet known. In McBain’s opinion,*° 
E. L. Smith’s explanation of solubilization has been repeatedly misquoted in 
recent years. His real conception of solubilization actually described by him 
on several occasions implies that the organic solute (in our case the free fat) 
is adsorbed on the colloidal soap particles. 

Lascaray, on the other hand, denies that the saponification, even during 
the rapid stage, could be regarded as a homogeneous reaction and he is of 
the opinion that the dissolved fat has first to reach the surface of the micelle 
by diffusion from the inside before meeting the alkali there. 

Tt must be mentioned that, according to Smith’s investigation, saponifica- 
tion velocities were generally higher with caustic potash than with caustic 
soda and that the reason for this, in his view, lay in the different natures of 
the respective soaps. Potash soaps are more soluble and tend to salt out to 
a lesser degree. 

Applying the results of Smith’s experiments on the cold process to the 
soap boiling process, the following conclusions may be drawn. 

In the soap boiling process the phases normally present are oil, concen- 
trated lye, neat soap, and curd soap. The saponification proceeds best when 
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the neat soap predominates over the curd. In the boiling process the con- 
centration of alkali and salt in the pan are usually kept carefully adjusted so 
that the soap is salted out as neat soap. Too small a concentration causes 
the soap to pass into viscous isotropic solution, a condition called bunching, 
which is very much feared and avoided by the practical soapmaker. Too 
great a concentration of electrolyte is also avoided because the soap is salted 
out to a curd, and the rate of saponification consequently decreases. The 
boiling process seems to be quite similar to the cold process in all essential 
factors with the exception that the lye is more dilute and the neat soap phase 
tends to be less viscous owing to the higher temperature. Neat soap may 
absorb as much as its own weight of oil. (For definitions of the the terms 
neat soap, curd soap, and other soap phases, see Chapter IV, Section 4.) 

The concept of the saponification of oil by aqueous alkali as an exclu- 
sively interfacial reaction is untenable in many cases. In industrial soap- 
making, both by the cold process and by the soap-boiling process, the soap 
formed is mostly salted out to neat soap (or curd soap), which serves as the 
medium in which saponification proceeds. Reaction at the interface (in 
emulsion) is of great importance only during the early stages of saponifica- 
tion, in which no soap is present initially and soap is only slowly formed in 
preparation for the subsequent stages of the saponification. 

Summarizing the main results of his experiments, Smith enumerates the 
following facts. 

(i) The saponification reaction proceeds autocatalytically even at rest and at con- 
stant temperature. 

(ii) The saponification velocity is independent of the concentration and excess of 
alkali used except during the induction period and within certain limits. 

(iii) Caustic potash saponifies oils and fats much more quickly than caustic soda. 

(iv) The soap boiling process can be accelerated considerably by the addition of 
soap or to a lesser extent by the addition of oil. 

For all these facts, only the theory of an homogeneous reaction is able 
to give a satisfactory explanation. 


(D) THe PHase oF SLow SAPONIFICATION 


During the fast stage the velocity of saponification increased at the rate 
at which soap micelles were formed. However, it was stated that, as soon as 
the quantity of soap produced became sufficient to dissolve the rest of the 
available oil, the reaction tended to slow down. This can be understood 
easily when we consider a soap micelle as the medium in which the saponifi- 
cation occurs. According to the law of mass action a reaction must slow 
down when the quantity of one or more of the reactants is reduced. It is 
obvious that this must be the case when the fat available for solution in the 
micelle is at a minimum. 


Il, SAPONIFICATION OF FATS 25 


The normal saponification reaction can be practically conducted to total 
completion. It was believed in the past that, due to the hydrolytic splitting 
of soap by water into free alkali and fatty acid, the saponification reaction 
cannot be pushed beyond a certain limit. This is a misconception, since 
hydrolysis counteracts only the neutralization of fatty acids by alkali. It 
must also be considered that, in the concentrations occurring in the final 
stages of soap boiling, hydrolysis takes place only to a minor extent. Exact 
investigations carried out recently on soap solutions in such concentrations 
have confirmed these conclusions. The splitting of the last traces of neutral 
oil into fatty acids and glycerine proceeds unhampered under the influence 
of the splitting action of the concentrated soap solution. Soap preduced by 
the interaction of exactly equivalent quantities of fat and alkali would, at the 
point of completion, contain minute traces of free fatty acids and an equiva- 
lent quantity of free alkali. In practice, however, boiled soap is always made 
by using a small excess of alkali at the end of the operation. 

Great care was taken in the past to reduce the remaining unsaponified fat 
in the soap to a minimum and it was advocated by practical soapmakers that 
the saponification process should always be concluded by a special “strong 
change.” This strong change was carried so far by some soapmakers that 
the boiling was performed in a quite “open state.” This meant that caustic 
soda was added in such quantities that the soap was grained out partially or 
even totally. It is known, however, that, at this stage of the reaction, fat can 
be saponified much better and more quickly when the condition of the soap is 
“closed.” The last stages of saponification call for a highly concentrated, 
viscous condition of the soap in which only minimum quantities of electro- 
lytes (caustic and salt) are present. 

Davidsohn™ called attention to the fact that, when using the cold process, 
complete saponification can be obtained easily and within comparatively 
short periods of time. It is obvious that the conditions prevailing at the end 
of cold saponification, as will be seen later, answer very well to the above- 
mentioned requirements. 


(6) General Rules Derived from Kinetic Studies of Saponification 


(A) Bortinc ConpiTIons 


In order to draw some practical conclusions from the foregoimg discus- 
sion, let us consider now the optimum proportions in wh:ch fat, alkali, and 
water should be present during the various stages of soap boiling. 

In order to bring about emulsification and to promote saponification, the 
caustic soda concentration should be adjusted to remain somewhat below the 
point at which the soap produced is salted out. This concentration is termed 


15 J. Davidsohn, Seifensieder Ztg., 1927, No. 15. 
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the “lye limit concentration” and is defined as the concentration of the aque- 
ous electrolyte solution in which the soap cannot be dissolved further. The 
figures expressing these concentrations are data characteristic for each fat. 
Thus tallow soap is salted out completely from a solution containing 5.1% 
of caustic soda or 5.4% of salt, whereas coconut oil soap is salted out only 
when the concentrations of caustic soda and salt reach 19.6 and 24.0%, re- 
spectively. Consequently, a fat mixture containing tallow and coconut oil 
may be treated from the beginning with more concentrated lyes than tallow 
alone, without running the risk of destroying the emulsion. 

At this stage, and almost to the end of saponification, great care should 
be exercised by the operator to see that at no period is the mass allowed to 
remain without at least a slight excess of alkali or a certain minimum concen- 
tration of electrolyte. It will be remembered that the experiments of Smith 
revealed the extent to which the addition of fat to the saponification mixture 
is able to increase the rate of saponification. It is obvious that whenever 
such a sudden increase in the rate of splitting of the neutral fat is caused by 
the presence of a fat surplus in the kettle, the absence of an equivalent sur- 
plus of alkali will cause the splitting reaction to overtake the process of neu- 
tralization, which may lead to the formation of the so-called acid soaps—ad- 
dition compounds between neutral soap and free fatty acids. Acid soaps 
form dense and viscous masses in the soap kettle—a characteristic occurrence 
for the condition known as “bunching.” There is, however, another explana- 
tion for bunching derived from the concept of the existence of different 
“phases” in which soap may occur. These phases (Ch. IV, Sect. 4) are only 
dependent on electrolyte and soap concentrations in the watery solution. 

According to McBain and Langdon,** the dense and viscous soap in the 
kettle when bunching occurs is identical with “middle soap,” which has been 
recognized by these authors as one of the phases in which soap may appear 
at low electrolyte concentrations. Ferguson and Richardson‘” found that 
tallow soap solutions at the concentration of 26 to 60% anhydrous soap will 
be transformed into a similar phase as observed with the condition of bunch- 
ing whenever the electrolyte concentration falls below the limit of 1%. 
With coconut oil soap there is a danger limit at quite a different range, e.g., 
40 to 68% of anhydrous soap, but up to 3% of salt. 

It is obvious that the failure to keep the electrolyte concentrations above 
the dangerous minimum by adding sufficient amounts of caustic or salt may 
constitute the cause for bunching. Great care should be taken that, when- 
ever it becomes necessary to add water during saponification, it should be 
done in conjunction with very thorough agitation by mechanical means or 


16 J. W. McBain and G. M. Langdon, J. Chem. Soc. London, 127, 852 (1925). 
17 R, H. Ferguson and A. S, Richardson, Ind. Eng. Chem., 24, 1329 (1932). 
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by vigorous boiling with steam. Otherwise, the water may locally dilute the 
electrolyte and cause bunching. 

Another precaution against bunching is used by most practical soapmak- 
ers when they add certain amounts of salt or soda ash to the caustic solution. 
Thus, it is known that in the boiling of soft soaps from linseed oil with caustic 
potash the caustic solution must always contain an addition of potassium 
chloride or potassium carbonate. Such additions constitute safe practice, 
since even when the caustic actually happens to be exhausted in the kettle 
sufficient electrolyte will remain present to keep the boil at the proper condi- 
tion to prevent bunching. 

During the autocatalytic or quick saponification stage, the caustic con- 
centration should be kept at such strength as to promote the formation of 
neat soap, but, as pointed out by Smith, a higher concentration than neces- 
sary will not increase the rate of reaction. 


(B) Tue STRENGTHENING CHANGE (oR STRONG CHANGE) 


As to the last phase of the saponification it is known that it is regarded 
as the most critical of the three, for it is at this stage that the soapmaker 
must make sure that no considerable portion of unsaponified fat remains in 
the soap. It is considered dangerous for the keeping qualities of the soap 
when it contains more than 0.1% of unsaponified fat. Insofar as the plan to 
be followed for the thorough elimination of unsaponified fat from the soap, 
essentially two schools of thought exist. 

Davidsohn,"* in describing the European practice of soap boiling, has 
pointed out that the best way to obtain complete saponification consists in 
leaving the viscous soap mass standing over the night shift, first making cer- 
tain that it does not contain a larger amount of electrolytes than about 0.4 to 
0.5% free caustic soda. However, this requirement is undoubtedly quite 
difficult to maintain, especially when the graining-out operation is accom- 
plished by using salt exclusively, as has been common practice in Europe. 
The analysis of many samples of European commercial base soaps at that 
time (1929) showed almost invariably up to 0.8% unsaponified fat. The 
American practice of soap boiling is characterized by using, whenever pos- 
sible, caustic soda (instead of salt) for graining, by boiling with alkaline 
liquor, and by finishing (or fitting) the closed alkaline mass by separating it 
with salt. Since American products generally had better keeping qualities, 
Davidsohn recommended the American method and the traditional condi- 
tions of the “strengthening change.” 

Another discussion of the merits of the two methods was published by 
Kawakami,’® who carried out detailed investigations to find the most suitable 


18 J, Davidsohn, Seifensieder Ztg., 65, 293, 303 (1929). 
19 Y. Kawakami, J. Soc. Chem. Ind. Japan, Suppl. p. 263B (1931). 
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concentration of alkali as well as the length of boiling period required in 
order to ensure the most complete possible saponification during the strength- 
ening change. The experimental results are reproduced in Figs. II-4 and 
If-5.1° The points marked by plain dots are data from experiments carried 
out on the heterogeneous system neat soap—lye, which corresponds, according 
to J. W. McBain and Y. Kawakami,” to the pan condition at which the most 
rapid final saponification takes place. Points marked with circles represent 
values obtained by the European method described by Davidsohn and accord- 
ing to which the pan contains 50% soap and 0.4 to 0.5% free caustic at 
optimum conditions. 
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Kawakami shows by the results of 80 practical experiments on the 
strengthening change operation that the caustic concentration of the half-spent 
lye must be at least 3% for thorough saponification, from which he concludes 
that boiling during the strengthening change, with its higher alkali concen- 
tration, is somewhat superior to the less alkaline condition advocated by 
Davidsohn. In the above-mentioned experiments the alkali concentration 
of the half-spent lye was varied while the total equivalent electrolyte concen- 
tration was kept at a constant value of 11‘.. The unsaponified fat was deter- 
mined and recorded after two days of boiling in the heterogeneous condition. 

The authors recommend as the most proper strengthening change the 
following procedure, which seems to constitute probably the best compromise 
of European and American soap boiling methods. 

After the last salt wash, the spent lye is drawn off. Some water is added 
to the grained soap and the pan content is brought to a closed state and 
boiled thoroughly with steam for four to six hours, keeping the concentration 
of alkali constant to 0.4 to 0.5%. The pan content is then grained-out by 
concentrated caustic solution and boiled again with the alkaline liquor in 


20 J. W. McBain and Y. Kawakami, J. Phys. Chem., 34, 580 (1930). 
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this grained-out condition for another four to six hours in order to obtain 
the utmost degree of saponification. 

It will be seen in later chapters dealing with the description of the prac- 
tical soap-boiling process that many modern experts apparently believe that 
the use of a special strong change is superfluous; in fact, some go as far as 
to regard it to be obsolete and unnecessary. 


(C) How to Controt Proper Bortinc ConpitTions 


We have already touched upon this problem and stated that by providing 
the proper proportions of electrolytes the boil can be kept at the optimum 
viscosity conditions. This is especially important whenever it is intended 
to finish and saponify the last traces of oil while the soap is in a closed con- 
dition, as advocated by Davidsohn. In this circumstance (50% fatty acid 
and 0.4—0.5% free caustic soda), however, the soap mass would tend to be- 
come far too viscous to be considered in the proper boiling condition. Con- 
sequently, the appropriate amount of salt should be added at this point. Ac- 
tually there is always a certain amount of salt present in the pan originating 
from the salted-out niger of the previous boil on which the new boil was 
prepared. 

In order to understand the way in which the electrolyte content regulates 
the physical condition of the boil it is of interest to study the change in vis- 
cosity of soap solutions upon addition of electrolytes. Such a study was 
carried out by McBain, Willavoys, and Heighington”* and the result of their 
investigation is reproduced in Fig. II-6. 

It can be seen that the viscosity of a soap solution increases with the addi- 
tion of salt and that, quite soon, a maximum is reached. With further addi- 
tion, however, viscosity drops rapidly. It is obvious that one cannot go on 
adding salt without reaching a concentration at which the soap is grained out 
from its solution. The diagram shows that the higher the soap concentration 
the lower is the salt concentration necessary for reaching the maximum vis- 
cosity. Somewhere below this limit concentration, viscosity reaches a mini- 
mum and the boil acquires a high fluidity. But it can be observed that a 
certain degree of viscosity may be attained also by keeping the salt concen- 
tration on the low side of the maximum point. This part of the curve repre- 
sents a range of much lower electrolyte concentrations than those near to the 
limit. In this case, however, attention should be paid to the fact that in this 
low electrolyte range there always exists a certain tendency for bunching. 

Soap, boiling in a light and fluid manner, is in all stages of the process 
easier to control than when the kettle contents present a heavy mass. In 
heavy and viscous soap steam bubbles may accumulate which could escape 


21 J. W. McBain, H. J. Willavoys, and H. Heighington, J. Chem. Soc. London, 129, 
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easily into the atmosphere from a soap when in the proper mobile condition. 
The accumulating steam will, in such cases, lift the surface of the soap in the 
kettle and eventually boil it over. This is what happens when, by rapid prog- 
ress of the saponification, the caustic soda reserve in the kettle becomes 
exhausted or the electrolyte content reaches the concentration necessary for 
maximum viscosity. Such tendency is an indication that more caustic should 
he added at once in order to avoid banehing. 
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Fig. II-6. Influence of salt on the viscosity of 45, 30, 22, and 
15% sodium palmitate solutions at 81° C.2? 


(7) Principles of Cold Saponifieation 


In the course of explanations of the theoretical principles of saponifica- 
tion we had to refer, on several occasions, to the cold process. The cold 
method was used as a model reaction by many authors for the study of the 
saponification process in general. Jt will be remembered that some of the 
most important facts, among others the autocatalytic nature of part of the 
saponification process, were established by studies on the cold saponifivation 
of cod liver and coconut oils. 

Cold saponification can be carried out only with concentrated caustic of 
38 to 40° Bé as minimum concentration when no special conditions, such as 
intensive agitation or the presence of catalysts, prevail. This method was 
introduced as a result of the appearance of coconut and palm kernel oils as 
raw materials for soapmaking. Prior to the appearance of these fats on the 
market, soapmakers had only dealt with fats of extreme electrolyte sensibility, 
and as a consequence they were only acquainted with saponification methods 
working with diluted lyes and at boiling temperature. With the advent of 
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this type of fat with very high electrolyte tolerance it was soon found possible 
to saponify these fats with concentrated alkali. Soapmakers also found that 
the results with the new method were even better, when the initial stages of 
the saponification were carried out at about 30° C. and not at higher tem- 
peratures. We know now that not only coconut oil can be saponified with 
concentrated alkalies without boiling and at relatively low temperatures, but 
also tallow and peanut oil. In practice, any oil and fat may be successfully 
saponified by the cold method when certain additional conditions are ful- 
filled. 

Cold process toilet soaps are not made commercially by saponifying the 
fat with the full equivalent of alkali, because coconut oil when completely 
saponified with caustic soda produces a soap considerably too hard and 
brittle in quality. Therefore, the basic formula for cold made coconut oil 
soap is the conventional one, using 100 kg. of coconut oil to 50 kg. of caustic 
soda at 38° Bé. It will be seen later that completely saponified cold process 
soaps are also produced in certain circumstances and that this kind of saponi- 
fication even became the basis for several “rapid” and “complete” saponifica- 
tion methods. 

The technics of the cold saponification method will be discussed in full 
in Chapter XIX, Section 4. At this point, it should only be mentioned that it 
is generally 6 to 7 hours after the components have been mixed together 
that the mass becomes gradually transparent and a sample dissolved in water 
does not show any turbidity, which is taken as a proof of the soap having 
been finished. 

Davidsohn and Better”* investigated the velocity of normal cold saponifi- 
cation by measuring the amount of caustic soda which remained free after 
varying periods of saponification. In one series, coconut oil was saponified 
with an insufficient quantity of caustic soda; while in another series, the 
stoichiometrically equivalent quantity of alkali was used. but in such a way 
that 30%_of the fat was ultimately saponified with caustic potash and the re- 
mainder with soda. Fig. II-7 represents typical results from the first series 
of experiments. 

The results show clearly that the alkali reacts at once with the free fatty 
acids present, but they prove also that no further soap formation takes place 
during the first 90 minutes, that is, within the period during which the fat- 
alkali mixture was continuously emulsified by agitation. During this period 
the viscosity of the mass increases considerably and at a much higher rate 
than observed after the first few minutes of soap formation. As no soap is 
produced during this period, gradual soap formation as a cause for the change 
in viscosity must be ruled out and the conclusion reached that the increase 
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of viscosity is the result of mechanical emulsification in the presence of the 
emulsifier (available almost from the first moment). 

In the next period, during which the bulk of the soap is formed, the rate 
at which the free alkali disappears represents the gradual speedup of the 
saponification reaction. However, close to the end, the reaction slows down 
again and the last traces of alkali disappear at a very slow rate. 

The experiments with mixed soda-potash saponification (Fig. [I-8°*) in- 
dicated a much higher reaction rate. 

In fact, this soap was ready in half of the time required for those made 
with caustic soda only. Cold made soap produced in accordance with the 
practical formula using 50 kg. of caustic soda of 38° Be to 100 kg. of coconut 
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oil, should on the basis of a normal coconut oil contain about 15% of un- 
saponified fat. When the routine method for the determination of the un- 
saponified fat is employed, it usually gives a value showing no more than 3% 
of unsaponified fat. This method consists in extracting the unsaponified fat 
from a 50% alcoholic solution of the soap by petroleum ether. With an- 
other method, namely the extraction of the unsaponified fat from the previ- 
ously dried soap by ethyl ether, about 12-14% fatty matter are obtained. 
Under these circumstances, it must be rather surprising that a cold made 
soap can be dissolved at all in distilled water and that, in addition to this, 
it displays generally excellent keeping qualities. The phenomenon of solubil- 
ity seems to prove that in the cold made soap 15% of unsaponified fat is pres- 
ent in a form in which it is soluble in water. Experiments of the authors 
demonstrated that normal coconut oil could not be dissolved in coconut oil 
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soap solutions and, consequently, it had to be concluded that the unsaponified 
fat in the cold made soap is not present in the form of ordinary neutral fat, 
but rather is present in the soap in the form of a mixture of mono- and di- 
glycerides with some free low molecular fatty acids. The mono- and diglycer- 
ides of low molecular fatty acids are relatively easy to disperse in soap solu- 
tions and at the same time they are insoluble in petroleum ether. This 
explains the apparent contradiction between the result of the determination 
with petroleum ether and ethyl ether, respectively. It will be remembered 
that the presence of mono- and diglycerides in the partially saponified fat was 
regarded as a proof of the stepwise nature of fat saponification (Sect. 4B. 

Making the assumption that ordinary triglycerides would produce milky 
emulsions when dispersed in soap solutions, while monoglycerides of lower 
fatty acids and to a lesser degree their diglycerides would give more or less 
clear dispersions, it was of interest to investigate the behavior of a series of 
cold made soap solutions, differing from one another only by their varying 


TABLE II-1 
Errect oF Corp SAPONIFICATION WITH VaRrrous AMOUNTs OF Caustic SoDA 
5 Sol. of soap in Unsaponified and 
Caustic soda used as % of Consistency = Fre unsaponihable 
No. amt. necessary for ofecap Dist NaOH, Pa ee 
complete saponif. - se 50% alc, %, method % 
1 100 Brittle Perfect Perfect 0.02 0.9 
ee 90 Less hard #7 in 0.045 3.8 
5 81 Not totally ass * 0.03 10.0 
solid Solution 10.9 
4 15 Quite soft oe opalescent 
i 12 Still softer Insoluble Insoluble 


degrees of saponification. It was of especial interest to establish the mini: 
mum quantity of caustic soda for the saponification which would produce a 
soap clearly soluble in distilled water. Table IJ-1 presents the experiments 


establishing these facts. 
The already mentioned cold saponification experiments of E. L. Smith 


were carried out under different conditions. He considered that more useful 
information regarding the mechanism of the saponification reaction could be 
obtained by working at a constant temperature than by allowing the heat of 
reaction to change the temperature of the mixture, as in industrial practice. 
His apparatus consisted of a flat-bottomed glass tube closed by a one-hole 
rubber stopper, through which a metal rod was inserted attached at the lower 
end to a perforated disk fitting loosely in the tube. About 15 to 20 g. of oil 
was saponified, keeping the temperature constant by agitating with the per- 
forated disk and plunger. The degree of saponification was calculated in 
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the experiments of Smith by treating a sample of soap. fat mixture with min- 
eral acid and liberating the fatty acids from the soap. In this way, a mixture 
of free fatty acids with neutral oil was obtained in which the free fatty acid 
content was determined by titration. The proportion of free fatty acids in 
the mixture was taken as a measure of the progress of saponification. 

The main facts established by these experiments are as follows: 


(a) Until the reaction is about 30% complete it is possible to increase the rate of 
saponiiication by vigorous agitation; however, beyond this point the velocity is entirely 
independent of particle size. 

(6) After the reaction is 30% complete, it is autocatalytic and the rate increases 
very rapidly until 50% completion, after which the rate continues to increase somewhat 


less rapidly. 
(c) After about 90% completion, there is a definite drop in rate. 
(d) The rate of saponification is independent of alkali concentration, but can be 


increased by addition of soap or fat. 
(e) The saponification velocity is much higher with caustic potash than with caustic 


soda, 


The results and conclusions of Smith have already been discussed (Sect. 
5C), and the following discussion will point out the differences existing 
between the boiling and the cold processes. 

The emulsion in the cold process is initially a water-in-oil type, while that 
in the boiling process is essentially an oil-in-water type. In cold saponifica- 
tion, the alkali solution is concentrated to such an extent that the soap is 
practically in a salted-out condition. When in this state, soap promotes and 
stabilizes water-in-oil emulsions, while in dilute solution it produces oil-in- 
water emulsions. As more soap in the neat phase is formed, the soap takes 
on a new role in addition to that of an emulsifier. In this new phase the soap 
in its micellar condition serves as an autocatalyst. Thus, it will be seen that 
the cold saponification process and the boiling method differ, in principle, 
only in the first phase, while the later phases may be regarded as almost 
identical. 

It may sound strange, that, depending on conditions, soap should be able 
to serve both as an oil-in-water and as a water-in-oil emulsifier. The soap 
molecule contains a paraffin group (CH,;CH.CH,—) and a carboxyl group 
to which the sodium or potassium atom is attached. The two different parts 
of the soap molecule display completely contrasting properties. The paraffin 
chain is hydrophobic, while the carboxyl pole is strongly hydrophilic. As a 
result of this “polar” property of the soap molecule the paraffin chain will 
tend to withdraw from the water and to remain at the surface outside the solu- 
tion. The carboxyl pole opposes this tendency, so that the molecule will 
finally orient itself in a perpendicular position at the surface of the solution 
with the carboxyl head dipped into the solution and the paraffinic tail pro- 
truding. 
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In emulsions, when small oil droplets are finely dispersed in water as in 
milk, or, conversely, when fine water droplets are dispersed in a medium of 
oil as in butter, we have examples of the oil-in-water or the water-in-oil type, 
respectively. In all emulsions one phase will always appear in the form of 
fine droplets dispersed in the other, or continuous, phase. 

Whenever soap serves as emulsifier at the interface, there will always be 
a molecular layer of soap molecules arranged in parallel, the carboxyl heads 
of which will always be dipped into the water and the paraffin chain pointing 
in the direction of the oil. 

As already explained, alkali soaps preferentially stabilize oil-in-water 
emulsions, but metallic soaps like lime or magnesia soaps stabilize water-in- 
oil emulsions. However, it has been found that soap in relatively water-iree 
condition behaves as a hydrophobic substance, and therefore stabilizes water- 
in-oil emulsions in these circumstances. In the cold saponification process, 
as a result of the high alkali concentration prevailing, the soap particles at 
the interface are practically salted out and dehydrated. In this dehydrated 
state they cause the water to disperse in small droplets in the oil. Soap in 
diluted alkali lyes, on the other hand as prevails in the boiling process, would 
behave as a hydrophilic substance and cause the oil to be dispersed in the 
form of minute droplets within the water. 

It is comparatively easy to determine which of the two emulsion systems 
prevails. In the case of water-in-oil emulsion, it is the oil which forms the 
continuous phase; in the case of oil-in-water emulsions it is the water which 
forms the continuous phase. In order to establish which constitutes the 
continuous phase, we have only to add an oil-soluble dye to a drop of the 
emulsion. For the water-in-oil system it will be the continuous fluid sur- 
rounding the dispersed droplets which will be colored by the dye, and this 
is taken as evidence that the emulsion belongs, in fact, to the above type. The 
same experiment can be carried out with a water-soluble dye, and the results 
must then be interpreted accordingly. 

As mentioned earlier, cold saponification gives quick and complete results 
also with charges containing other fats than coconut oil. J. Davidsohn was 
the first to recommend this method as the easiest and quickest way to achieve 
complete saponification in industrial practice, with any kind of fat charge. 
One of the so-called rapid saponification processes is based upon this basic 
principle. 

Another modification of the cold process is incorporated in U. S. Patent 
1,831,610, which states that it is possible to bring about very rapid saponifi- 
cation by the simple kneading of 40.7 parts of dry caustic soda powder into 
a mixture of 300 parts of corn oil, with 16.3 parts of water at 40—70° C. 
After a few minutes of this treatment, the resulting mass is dropped into a 
form, where the reaction heat raises the temperature cf the mixture very 
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rapidly to 150° C. Consequently, water is evaporated and the mass becomes 
inflated by gases. After 8 to 10 minutes the mass breaks down again and sa- 
ponification is complete in another 25 to 30 minutes. The result is a soap 
containing no more than 7.2% water. Davidsohn and Krings were able to 
confirm that it is possible to produce soap by this method on a practical scale. 


(8) Catalysts in Saponification 


The following cold saponification experiments were performed by Rosh- 
destwensky.”* Coconut, cottonseed and linseed oils were saponified by the 
cold process in the presence of 1% solutions of a-naphthol, 8-naphthol, cresol, 
and thymol. The unsaponified fat was determined periodically by the pe- 
troleum ether extraction method. Table II-2 shows the result of these ex- 


TABLE II-2 
Catatytic INFLUENCE OF CHEMICALS ON THE RATE OF SAPONIFICATION23 


Oil (%) reacted after 


Catalyst minutes hours 
20 40 60 v3 3 4 24 70 8676 
Coconut oil — 13.5 24 94, 
+1% a-naphthol 95 100 - _ — — 
+1% B-naphthol 92 100 — - -- —+~— 
+1% cresol ae 90 94 — a - —- — 
Cottonseed oil ~ -- ~ — 7 42 100 — 
+1% o-naphthol — — 10 — —_ — — = -_ — 
+1% B-naphthol —... —- 8 — —- —- —- —- — — 
t1% thymol _ a 92 98 - — — 
Linseed) oi] #22222 — - — 62 — 37 — 100 
+1% 68-naphthol 82 100 — — - —- —_- — 


periments. It is observed that it is much more difhcult to saponify unsatu- 
rated oils than saturated ones, and that certain phenolic substances greatly in- 
crease the saponification velocity of all of these oils and fats. 

Smith reports that very high reaction rates can be observed when oxidized 
fats are being saponified. This phenomenon was confirmed by Better with 
sesame seed oil. 

Oxidized oils are stabilizers for water-in-oil emulsions, and are widely 
used for that purpose in the margarine industry. It is possible that these sa- 
ponification catalysts act as stabilizers in the water-in-oil system and shorten 
or completely eliminate in this way the first slow period of saponification. 

The knowledge of substances which are able to increase the rate of saponi- 
fication by catalytic action is very important for the practical soapmaker, as 


23D. Roshdestwensky, Seifensieder Ztg., 55, 116, 127 (1928). 
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in many cases, for instance in perfume compositions used in cold made soaps, 
compounds may be present which are able to act as saponification catalysts. 
kK. J. Better and A. Davidsohn found that certain perfume compositions con- 
taining amyl and benzy! salicylates actually act as saponification catalysts. 
Better*’ also found that origanum oil has very great catalytic activity which 
he attributes to the presence of carvacrol (a phenolic compound homologous 
to thymol) in this essential oil. Table [1-3 presents the constitutional for- 
mulas of a few catalysts mentioned in the literature, in addition to those dis- 
covered by Better and Davidsohn.”® 

The experiments of Better and Davidsohn were carried out by preparing 
cold made soaps from coconut oil in the usual way, but dissolving 0.2% of 
the sample in the oil before the lye was mixed with it. The time spent mixing 
the components until the emulsion thickened was recorded and taken as a 
measure of the catalytic activity of the compound. Substances which did 
not cause the emulsion to become viscous within ten minutes were not re- 
garded to be active. Such substances were, for instance, hydroquinone, 
resorcinol, benzoic acid, benzaldehyde, benzyl alcohol, and salicylic acid. 

The following general conclusions may be drawn from these experiments: 

(a) The only substances found to be active were those in which one 
—OH group is directly bound to an aromatic ring. 

(6) Aromatic monohydroxy compounds containing side chains are more 
active than those without such chains. 

(c) Aromatic di- or polyhydroxy compounds, or monohydroxy com- 
pounds containing a carboxylic group, are inactive. 

(d) When the carboxylic group is esterified, the compound again be- 
comes active. 

(e} An aromatic dihydroxy compound also becomes active when the 
second ——OH group is etherified. 

(f) The introduction of a carbonyl (aldehyde) group into a monophenol 
increases the activity, but such compounds are less active than those with 
a paraffin side chain. 


(9) Saponification under Pressure and at Temperatures 


Higher than 100° C. 


Saponification under pressure and at temperatures in excess of 100° C. 
is the basis for various modern continuous soap-manufacturing processes. 
These processes will be discussed in detail in a later chapter, and only fun- 
damental data and older experiments will be treated here. 

As already mentioned the studies of McBain and Norris made it clear that 


24 Unpublished experiments. 
25 Unpublished experiments. 
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TABLE IT-3 
CataLytic INFLUENCE OF CHEMICALS ON SAPONIFICATION?25 
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Formula: OH On CE 
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with normal saponification the average temperature rate coefficient is not more 
than 1.5, which means that by raising the temperature of the saponification 
mixture by 10° C. the increase in the rate of saponification is only 1.5 times 
the velocity it was before the temperature change. The same workers found 
that four hours are required for the complete saponification of soybean oil 
by intensive stirring with the equivalent quantity of a 4% caustic soda solu- 
tion at 100° C, 
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Mattikow?* calculated the theoretical saponification time for various tem- 
peratures above 100° C., based on the assumption that the reaction follows 
a bimolecular course, as explained on Sect. 4A. It is seen from Table [1-4 


TABLE IT-4 


SAPONIFICATION VELOCITY AT HicH TEMPERATURES AND HichH Pressures?é 


Saponif. Total saponif. Pressure of satd. steam to 
temp. time which temp. corresponds 
°F. vib Hrs. Min. Sec. Bsc nue 
212 100 4 _ _ 14.69 1 
230 110 2.66 — — 20.77 1.46 
248 120 Tedd _— - 28.79 2.02 
266 130 1.18 — — 39.17 PAIS 
284. 140 — 47 —- 52.39 3.68 
302 150 — 31 — 69.01 4.85 
320 160 = Pal — 89.59 6.30 
338 170 — 14 — 114.79 8.07 
356 180 ~= 9.5 — 145.30 10.21 
374 190 os 6.2 - 181.85 12.78 
392 200 ~- 4.2 _ 225.23 15.83 
410 210 2.7 — 276.34 19.42 
428 220 - 1.8 - 336.24 23.63 
446 230 — ee — 400 27 
464 240 a — 50 500 34 
482 250 — — 33 600 41 
500 260 — — 22 700 AT5 
518 270 — — 14.7 800 54 
536 280 — — 9.6 900 61 
554 290 — — 6.5 1100 75 
572 300 —- — 4.3 1250 82 


that at pressures below 2,5 atmospheres one hour is required for complete 
saponification; below 10 atmospheres only ten minutes are required, and at 
about 80 atmospheres the reaction is finished in four seconds. Mattikow 
points out, however, that at this last very high temperature and pressure the 
reaction undoubtedly becomes homogeneous, and the temperature rate coefli- 
cient reaches the value 2 established as a general rule for homogeneous reac- 
tions (van’t Hoff). With this assumption, calculation of reaction time gives 
a value of 0.00306 second at 290° C.; the reaction thus has to be considered 
to be practically instantaneous at this temperature. 

Many small- and large-scale experiments were performed in the past to 
find a practical method for obtaining the quick and total saponification which 
results from using high-pressure and high-temperature apparatus, There 


26M, Mattikow, Oil and Soap, 17, 184 (1940). 
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have been long and lively discussions about the practical value of the methods 
by which fats are saponified in pressure vessels in batch processes. The 
opinion of manufacturing experts seems to have been negative on the whole, 
and pressure saponification in batch processes did not succeed in gaining 
any popularity. It was recognized that under conditions prevailing in the 
average soap plant, where generally only steam up to 6 atmospheres is avail- 
able, the increase in the saponification rate is not really such as to make the 
pressure process attractive enough. On the other hand, it was often pointed 
out that dangers are inherent in such a process, since it happened, for in- 
stance, that saponification failed to start normally and then with the sudden 
buildup of the reaction so much heat and pressure were generated that the 
vessel exploded. It is known that, because of this danger, pressure saponifi- 
cation processes in batch systems were abandoned in some well-known plants 
where they had already been introduced on an experimental scale. 


In this connection, the following thermal calculation should be noted. Suppose 
1000 kg. of fat is to be saponified in a closed vessel and at a given moment 800 kg. of 
the charge suddenly enters into the reaction. 1 kg. of fat generates 52 Cal. (according 
to the calculation given in Sect. 3). If we assume that the soap contains 50% fat in 
the vessel, or a total mass of 1800 kg., and also that the specific heat of the soap mass 
is 0.65, then the sudden temperature rise will amount to 

43.600 
T1800 x 0.45 

Tt is true, on the other hand, that the pressure procedure offers consider- 
able economic advantages—mainly by permitting the whole process to be 
shortened and economizing on the quantities of steam required for long 
hours of boiling. In addition, it was found to be possible to use the gener- 
ated heat for subsequent operations, and in one patented process, at least, 
the soap was sprayed directly into a spray chamber utilizing the pressure of 
the saponification vessel and with the temperature attained there. 

However, there was another reason why certain fats were autoclaved or 
pressure saponified in the past. It is known that unsaturated fats can be 
saturated by introduction of water into the unsaturated bonds of the olefin 
chain. Structurally, this occurs according to the formula: 


— 36° C. (Lasearay?) 


—H.C—CH = CH-.-CH. - + HOH —> —H.C-—-HCOH—CH..-CH. 


This reaction takes place only under relatively high pressure, and in the pres- 
ence of at least small amounts of alkali. This is why pressure saponification 
would not only influence the rate of saponification, but eventually also change 
the chemical structure of the fat under treatment. To quote an example, 
linoleic acid with an iodine value of 174 was treated with 40° Be caustic 
soda, and the soap was then heated in an autoclave at 270° C. for three hours. 
The iodine value of the resulting product was only 83.4. It is not known, of 
course, how far this result was influenced by polymerization, but it is estab- 
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lished, at any rate, that fats treated in this way always produce soaps with 
better foaming properties and better consistencies than untreated ones. 
Such saturation reactions were studied by Stiepel,?’ who tried to trans- 
form the unsaturated fatty acids of whale oil into soaps by treating them in 
an autoclave under various conditions. Stiepel’s experiments are reproduced 
in Table II-5. The figures give sufficient evidence of what is happening when 


TABLE II-5 
Soap rrom WHALE Or. AUTOCLAVED AND SATURATED?7 
Autoclaving conditions Soap before treatment Soap after treatment 
Tinley enea Cab tae FA, % LV. FA, % TVs 

6 200 16 40 118.6 40 98.1 
6 200 16 58.5 118.6 57.9 95.6 
6 200 16 67.5 118.6 68 99.4 
6 200 16 74.1 118.6 dou 99.5 
6 200 16 82.3 118.6 82.1 102.5 
6 250 40 58.5 118.6 59 80.6 
6 250 40 67.5 118.6 68.3 82.7 
6 250 40 74.1 118.6 Oe 82.5 
6 250 40 82.3 118.6 82.1 84.4 
3) 200 16 58.5 118.6 58.5 105.8 
3 200 16 74.1 118.6 (Ger 106.4 
3 250 40 58.5 118.6 58.2 89.5 
3 250 40 74.1 118.6 73.8 89.2 


unsaturated oils are saponified and subjected to high presures for some period 
of time. In one instance, there is a drop of 38 units of iodine value when 
a whale oil soap solution with 58.5% fatty acid was subjected to a pressure 
of 40 atmospheres. According to Stiepel’s report, the resulting soap had no 
fish odor whatsoever, which shows that the clupanodonic acid responsible 
for this odor was successfully converted to some other product, possibly by 
saturation or polymerization or both. 

There is an interesting variant to this pressure treatment of soap which, 
however, does not represent an example of pressure saponification. Welter”® 
introduces into a 350-cu. ft. steel pressure vessel (checked and commissioned 
for a pressure of 40 atmospheres) about 6—7000 kg. of hot, liquid neat soap 
produced previously from soybean oil by any of the known soapmaking proc- 
esses. In addition to this, he charges the autoclave with 200-250 kg. 38° Be 
caustic soda, after which the vessel is closed. He now pumps into the closed 
vessel, through the soap layer, saturated steam at 10 atmospheres until the 

27 C, Stiepel, in J. Davidsohn, Lehrbuch der Seifenfabrikation, Borntraeger, Berlin. 


1928, p. 313. 
28 A, Welter, Ger. Pat. 620391. 
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pressure inside the vessel rises to about 40 atmospheres. The condensate is 
separated from the steam prior to its entering into the vessel. The contents 
of the vessel remain under steam pressure for 6-8 hours, while under con- 
tinuous mechanical agitation. After this period, the mass is released slowly 
under its own pressure into another open vessel into which about 5000 kg. of 
palm kernel oil had been charged. The excess of caustic from the autoclave 
saponifies the palm kernel oil very quickly, but some unsaponified oil will 
still remain which will have to be saponified by one of the usual methods. 
The result is a soap from a mixture of soybean and palm kernel oils, which, 


TABLE II-6 
SAPONIFICATION TEMPERATURES MENTIONED IN PATENTS 
Patent No. Temp., °C. Pressure, atm, 
U. S. 1,153,625 (Procter & Gamble) 125 — 
U. S. 2,084,446 (Lorenz & Wilson) 250-270 — 
U.S. 2,096,188 (Lorenz, Brown, Sewards & Wilson) 300 — 
Fr. 756,883 (Camille Deguide) 134 2 
Brit. 16,746 (Haywood) 260 —— 
Brit. 346,389 (Hentschel) — 3-4 
Brit. 379,760 (Leffer) 125-260 2-6 
U. S. 1,918,603 (Colgate-Palmolive-Peet) 250-300 140 
(in spiral) 
Poe ners (Refining, Inc.—Clayton-Burns) 400-500 10-40 
U. S. 2,126,099 (Procter & Gamble—Duncan) 316 110 
U. S. 2,133,666 (Procter & Gamble—Mills) 470 35 
U. S. 2,178,987-8 (Refining, Inc.) 204-288 == 


Me tine Points or Soap* 


Kind of soap M.p., °C. Kind of soap Mips 2G 
Sodium stearate 260 Sodium oleate 232-235 
Sodium palmitate 270 Sodium elaidate 225-2271, 
Sodium myristate 250 Sodium erucate 230-235 
Sodium laureate 255-260 Sodium brassidate 245-248 


however, shows much greater resistance to atmospheric oxidation than a 
soap of the same composition, but not treated under pressure. The fatty acids 
of the soybean oil soap before pressure treatment had an iodine value of 122, 
which dropped to 53 after treatment. 

It is interesting to note that Welter, who originally was one of the pio- 
neers of pressure saponification in batch kettles, later employs pressure not 


* Krafft, Berl. Berichte, 1899, 1598. Godbole and Yoshi, Allgem Oel- u. Fett-Ztg., 
27, 77 (1930), found melting points as follows; sodium stearate, 255-272°; sodium pal- 
mitate, 258-267°; sodium oleate, 230—-235°, 


II. SAPONIFICATION OF FATS 43 


for saponification but only for bringing about other chemical changes in 
the fat. 

During recent years, the knowledge of the conditions prevailing when 
soaps are produced under high pressure and temperature gained considerable 
and renewed importance, due to the fact that many recent developments of 
continuous soap-manufacturing processes deal with saponification under high 
pressures and temperatures. We shall treat in detail the representative new 
continuous processes in another chapter. 

Commercial soap in its anhydrous form is considered to have a true melt- 
ing point of around 250° C. and in most of the continuous procedures the 
inventors endeavor to keep the soap in the liquid state. In this connection 


the true melting points of pure anhydrous soaps are of practical interest 
(Table II-6). 


CHAPTER III 


THE STRUCTURE OF SOAP IN THE SOLID STATE 
AND IN SOLUTION 


While studying the principles of the saponification process during its vari- 
ous stages, it is observed that soap may appear throughout the course of the 
process in different physical forms, for instance, as a hydrated or as an anhy- 
drous phase, as a thin or as a viscous liquid or as a solid mass. In these dif- 
ferent forms the soap constantly displays changing properties, and it is able to 
perform widely differing functions. For example, it can serve as an oil-in- 
water as well as a water-in-oil emulsifier. 

Crystalline structure plays an important role in determining the proper- 
ties of soap. The development of ultramicroscope and x-ray diffraction tech- 
niques and other physicochemical methods has provided ‘he tools which en- 
able us to establish the structure of phases encountered in soapmaking 
processes, and also to predict the behavior of soap under all possible con- 
ditions, 

For these reasons, it is absolutely necessary for the modern student of 
soap manufacture to acquaint himself with the theories of the structure of 
soap in its various forms. He must know the way the individual soap mole- 
cule is built, how these elements aggregate into more complicated units and 
how these aggregations of individual soap molecules determine the “phase” 
in which the soap ultimately appears. The practical man operating with soap 
in its changing form and appearance should also know the theories dealing 
with the effect of variation of concentration, electrolyte. temperature, and 


mechanical circumstances on the structure of these soap aggregations. 
45 
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(1) Structure of the Individual Fatty Acid and of Ite Aggregates 


A fatty acid consists of a paraffin chain of linked —CH, groups with a 
carboxyl group —COOH group situated at one extremity of the chain. Thus, 
to give an example, stearic acid, €,-H ,.0., has the constitutional formula: 
CH;—(CHz) 1-—COOH. 

From the publications of Mueller,?® we know that the stearic acid mole- 
cule consists of a chain lying flat in one plane in which the —CH, groups 
form a zigzag line. The zigzag pattern is ascertained by comparing the 
lengths of the stearic acid and palmitic acid molecules and noting that the 
difference between the two is 2.52 A. Since stearic acid has 17 —CH, groups 
in each molecule and palmitic acid has only 15, the observed difference in 
length amounts to 1.26 A. per —-CH, group. However, it is known from the 
study of other types of organic compounds that the distance between two 
neighboring carbon atoms is 1.54 and not 1.26 A. Therefore, this discrepancy 
can only be explained by assuming that in fatty acids the —CH, groups are not 
linked in a straight chain, but in a zigzag structure in which the lines con- 
necting the centers of the groups form an angle of 109° 35’. The structure 
of the stearic acid molecule is shown in Fig. JII-1.?° 

The chain length without the carboxyl group amounts to 20.2 A., while the 
carboxylic group adds another 4.2 A. to the longitudinal axis; the total length 
of one stearic acid molecule thus becomes 24.4 A. 

The stearic acid crystal unit cell represents a monoclinic prism, and the 
unit crystal cell was found to contain four molecules and to measure 48.84 A. in 
total length, and 5.546 and 7.381 A., respectively, in width and depth. The 
comparison of x-ray diffraction diagrams of straight-chain hydrocarbons and 
of fatty acids (Fig. IJJ-2) shows that in fatty acid crystals the longitudinal 
axis is inclined to the base at an angle of 63° 38’. The crystal has a “layer” 
structure due to the arrangement of the four molecules in two groups in such a 
way that all —COOH groups meet in one plane while the paraffin —-CH; tails 
form the outward bases. The —COOH groups in the center of the unit crystal 
are tied by much stronger bonds than the paraffin tails lying in the crystal bases 
of two neighboring crystal unit cells. A slab of solid stearic acid contains a 
system of such crystal unit cells, one above the other, and side by side. The 
forces by which the paraffin parts of the parallel inclined chains are bound 
together are stronger than the cohesion between the —CH; groups in the bases. 
As a consequence, a stearic acid slab can be easily broken only in one 
direction, which is the plane of the crystal base. 

However, it is possible to cut the stearic acid slab in two ways so that 
either carboxyl groups or the hydrophobic —CH; groups occupy the cleavage 
plane. It will be seen later that soap has a quite similar crystailine structure 


29 A. Mueller and E. L. Lederer, Fettchem. Umschau, 40, 2 (1933). 
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and the possibility of different cleavage planes—as schematically indicated in 
Fig. [[J-3°°—explains why certain physical forms of the same soap might be 
more or less soluble in water and might possess gradually changing lathering 
power, depending on the conditions under which it was prepared. Oleic acid 


COOH 
CH: (COONa) 


= 


Fig, I1/-3. Schematie diagram of paraffin and carboxylic 
cleavage planes of a soap crystal.*° 


was found by x-ray investigation to have a shorter molecular chain than stearic 
acid. Oleic acid can be transformed into elaidic acid by nitrous gases. Elaidic 
acid is a solid, melting at 46°C. It is believed that the constitutional differ- 
ence between the two acids is founded in steric conditions concerning the 
mutual position of the pair of hydrogen atoms situated near the double linkage. 


80 P, A, Thiessen, Angew. Chem., 51, 318 (1938). 
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X-ray investigation has disclosed that elaidic acid possesses exactly the 


same chain length as saturated acids and that, accordingly, the arrangement 
of the chain is identical with that found in saturated fatty acids. 
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(2) Structure of the Individual Anhydrous or Slightly Hydrated 
Soap Molecule 


Similarly to fatty acids, anhydrous soaps display all the characteristics of 
a crystalline body. The dimensions of the individual soap molecule are very 
much the same as those of the fatty acids from which they are derived. The 
lengths of an individual soap molecule of the kind that occurs in commercial 
soaps range between 18 and 25 A., depending on molecular weight and degree 
of saturation. While the dimensions of a soap molecule are not very much 
different from those of a fatty acid, the presence of the alkali atom in the car- 
boxylic group changes the character of the molecule fundamentally. Soap 
is an alkali salt of a fatty acid and contact with water will result in elec- 
trolytic dissociation. The alkali ion will be positively charged, and the anion 
(the fatty acid balance of the molecule) will be negatively charged. The 
anion is a complex containing the paraffin chain and the remainder of the 
carboxyl group (—COO). The paraffin tail is hydrophobic; the head of the 
carboxyl group is hydrophilic. We already know that the length of the paraffin 
chain of stearic acid or of a stearic acid salt is 20.2 A., and the carboxyl 
group about 4.2 A. According to the known dimensions of sodium, the length 
of sodium salt of the stearic acid should be 20.31 A. However, x-ray investi- 
gations disclose a slightly smaller value. 

With the lower fatty acids the long dimension of the hydrophobic paraffin 
chain becomes shorter, while the dimensions of the carboxyl group remain the 
same. In fact, the shorter the fatty acid, the less hydrophobic the tail becomes 
and consequently the more water soluble it behaves, Essentially, the tendency 
of the hydrophobic paraffin chain to balance the hydrophilic character of the 
carboxyl group is the basic function imparting soap character to the alkali 
salt of the higher fatty acid. This very pronounced polar tendency of the 
soap molecules is responsible for the fact that they are always found to be 
more or less oriented when in the solid state or in aqueous solution. The 
orientation of soap molecules in the solid state follows very much the same 
system (head-to-head, tail-to-tail) as described for stearic acid. 
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The positively charged alkali cation is bound to the negative anion by 
strong interionic forces which become stronger as the molecule lengthens, 
as shown by the lower ionization constant for the higher soaps. 

Intermolecular attraction exists between the paraffin anions of neighboring 
molecules. These forces are of a much smaller order than the interionic 
forces. 

X-ray evidence by Thiessen’ and Stauft** shows that forces acting on the 
carboxyl groups cause two molecules of soap to aggregate in the head-to-head 
formation. Thiessen and Stauff also were able to crystallize sodium stearate 
in the rhombic system from alcohol, and they found that this alpha form was 
transformed into the more stable monoclinic beta form upon heating to the 
transition point of 52°C. The beta form cannot be reversed into the alpha 
form by cooling. Thiessen and Stauff explained the stability of the beta 
form by suggesting the arrangements shown in Fig. III-4 for the two poly- 
morphic modifications. 
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Fig. IlI-4. Thiessen’s alpha and beta sodium stearate. In 

the monoclinic betaform the very stable head links of the 

-COOH-— groups are secured by the mutual arrangement in 

which the positive sodium ions are situated opposite the negative 
carboxylic rest. and bound by strong interionic forces.°° 


Lately, more polymorphic modifications of soaps have been established (see 
Sect. 3) and the polymorphism of soaps attained great importance when it 
became apparent that the practical properties of soaps undergo fundamental 
changes according to the various crystalline forms in which soap may ap- 
pear. Up to now, four solid crystalline forms of soap are known to exist (see 
Section 4). 

Before discussing the practical importance of these polymorphic modi- 
fications of soap, we have to mention another important phenomenon, dis- 
covered by Thiessen and Stauff, and termed by them the “genotypic transition.” 
The melting point of soap is very high—about 250 C., compared to the melting 
points of the corrosponding fatty acids. Thiessen and Stauff found that when 
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soaps are heated above the melting point of their respective fatty acids the 
physical constants of the soap suddenly undergo change, indicating that transi- 
tion into a new phase has taken place. This transition is, however, fully re- 
versible and, when the temperature decreases below the transition point, the 
original form reappears. This genotypic point has been connected with an- 
other very important consideration. According to Thiessen, this transition 
point is identical with the temperature which must be exceeded when a com- 
pletely clear hydrosol of the soap is to be prepared. Below this temperature 
the solution will start to precipitate fibery formations and develop solid white 
crystallization centers of various forms. It will be found later (Chapter IV, 
Section 5A) that this definition of the genotypic point is almost identical 
with the definition given by McBain and his co-workers for the value of 
T,, expressing the temperature under which isotropic and anisotropic soap 
solutions start to form white curd fibers or vice versa. 

The denomination of this kind of transition implies that the transition will 
take place in any kind of soap at a temperature which is characteristic for the 
fat composition only. This genotypic point may be obtained at quite a low 
temperature with fat compositions containing high proportions of liquid oils. 
As a rule, this transition point will be attained at or near the “titer” (the 
solidification point of the component fatty acids). It is quite possible that 
mechanical treatment at temperaures above the genotypic point may result in 
soap products having different properties from those normally found. It is 
obvious from the various kinds of rolls and plodder constructions used in soap 
manufacture and also from the temperature conditions that a great variety of 
products may be obtained. The properties of the product will depend merely 
upon whether the temperature during mechanical working was held above or 
below the genotypic transition point. This demonstrates again to what extent 
theoretical considerations may affect decisions belonging to mechanical 
technology. 

According to Vold,** the genotypic transition loses its reversibility when 
the soap has been heated to a high enough temperature to reach the meso- 
morphic, “subwaxy,” or “supercurd” form (the mesomorphic forms are 
discussed in detail in Chapter IV, Section 1). 

In chapter IV we shall describe a hydrous soap modification that may re- 
sult when soapboiler’s neat soap is cooled under certain conditions. This 
modification is called also the “beta phase.” In order to avoid confusion, 
Vold and Lyon** propose to call the anhydrous modification which results 
when the “alpha” form is heated 7’hiessen’s beta and the other which crys- 
tallizes from soapboiler’s neat soap hydrous beta. 

31 R. D. and M. J. Vold, in Colloid Chemisiry, J. Alexander, ed., Vol. V, Reinhold, 


New York, 1944, p. 276. 
82 R. D. Vold and L. L. Lyon, Ind. Eng. Chem., 37, 497 (1945). 
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(3) Structure of Solid Hydrated Soap Products and of Hydrosols 


A cake of commercial soap has been defined* as “hydrated curd fibers with 
enmeshed liquor, which is a sol or more frequently gel of the various more 
soluble soaps and salts present.” However, Ferguson** states that the fat 
mixture in commercial soaps scems to crystallize as a unit, and x-ray examina- 
tion brings sufficient evidence to show that no fractionation of the different 
fatty acid salts into more or less soluble fractions seems to occur. If frac- 
tionation in accordance with the above definition takes place, this should be 
evidenced in x-ray diagrams, which permit the direct measurement of mole- 
cular length. Ferguson points out that when he investigated some commercial 
soaps by direct x-ray measurement of the molecular length the results were 
sufficient corroboration for the determination of the average molecular weight 
as found by chemical methods. 


Fig. I1I-5. Molecular arrangements in hydrated soaps (hydrosols) .3° 


Thiessen’s views*° regarding the molecular arrangement within hydrated 
soap can be described as follows. Soaps appear according to their degree 
of hydration as hydrosols (Fig. I1I-5) or hydrogels (sols are the more hy- 
drated forms of the gels). Hydrosols contain: (a) dissociated single mole- 
cules, (b) double molecules of various combinations (head-to-head, tail-to- 
tail), and (c) micelles which are ultramicroscopic crystals (for discussion 
of the interior construction of the micelles and their range of existence in 
aqueous solutions see Part F). 

The internal molecular arrangement in the soap is governed by the orienta- 
tion tendency of the soap molecule which, as already explained, is the result 
of its polar character. According to Thiessen and others, the double mole- 
cules as they have been described in Section 2 in their head-to-head arrange- 


33 W. F, Darke, J. W. McBain, and C. S. Salmon, Proc. Roy. Soc. London, 984, 
395 (1921). 
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ment are oriented in parallel among themselves and perpendicular to the 
longitudinal axis of the micelle crystal. (See Fig. ITI-7.2°) 

The hydrated —COONa groups are hydrolyzed and the crystal micelle 
thereby obtains a negative charge while the positively charged sodium or alkali 
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Tig. I[]-6. Head-to-head arrangement of the molecules in hydrated soaps.2° 


ions envelop the micelle with a positive electric charge in the shape of what 
is called an “ionic cloud” or “ionic atmosphere.” (See Fig. III-6.°°) 

As described, a soap hydrosol generally contains all the formations 
schematically demonstrated in Fig, I1I-5. The proportion in which each of 
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Fig. TI-7. Model of Thiessen’s conception of a “micelle.” (I) is the erys- 
talline aggregate; (I1) shows the oriented arrangement in detail.?° The double 
molecules are perpendicular to the axis of length B. The micelle is, according 
to the nomenclature of Thiessen, an electrically neutral formation. But follow- 
ing the action of hydrolysis, the . COONa group becomes split and the micelle 
obtains a negative charge -it becomes an “ionic micelle.” 


these elements appear depends on equilibria which can be influenced by change 
of conditions such as the temperature and the amount of electrolyte present. 
Increasing soap concentration in the hydrosol or a drop in temperature in- 
creases the amount of micelles in the sol, and at the same time causes agglom- 
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eration of the elementary micelles. Upon slow cooling, agglomeration takes 
place in the direction of the longitudinal axis and produces fibers and fiber 
bunches (Fig. III-8), while upon rapid cooling the micelles aggregate side by 
side around a center and form spheric granules. 


(II) Ww 
Fig. I1I-8. Schematic model of soap fibers (I) and of granu- 
lar formation (II) in cooled soap solutions: (—) the negatively 


charged —COO group; (|) the positive sodium or potassium 
ion.2° 


(4) Four Known Crystalline Forms of Soap in ihe Hydrated 
Curd Phase 


In 1944, Ferguson‘ wrote about this problem: “The fibers or crystals 
of soap may exist in distinctive modifications, with differing properties has 
now been established for commercial soaps of widely differing types. The 
first positive demonstration of polymorphism was concerned with pure single 
soaps (sodium palmitate and stearate) and brought to light two modifications 
only, the alpha and beta. Before the literature contained any clear disclosure 
of more than these two distinctive crystalline forms of soap, a third type was 
established by two independent groups of investigators. Research in the 
Procter and Gamble laboratories had shown that this third form called the 
‘omega’ phase, accounted for a large proportion of commercial soap. Pe- 
culiarly enough, the firsi published description of the ‘omega’ phase happened 
to appear in a patent to Mills covering a process, which had been found to 
produce an unusually small proportion of this phase. The Mills’ patent was 
issued in September, 1942. Shortly thereafter McBain and de Bretteville, as 
a result of experiments with single pure soaps in anhydrous condition, an- 


34 R, H. Ferguson, Oil and Soap, 21, 0 (1944). 
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nounced the existence of a so-called ‘gamma’ form and some months later 
announced a more complete description of the same soap. The question of 
the possible identity of the ‘gamma’ and ‘omega’ forms is not considered 
in the papers of McBain and de Breiteville, but careful consideration of the 
x-ray diffraction patterns, and of the method of preparation of the samples 
examined, leaves little room for doubt that the two are essentially the same.” 

Ferguson then proceeds to call this form the “omega” phase and discards 
the term “gamma” altogether. He then announces the discovery of a fourth 
form, the “delta,” which has been described by Ferguson, Rosevear, and 
Stillmann. These four forms are well characterized by the distinctively dif- 
ferent crystal lattice spacing, as established by the x-ray diffraction method. 

As to the properties of these crystalline phases of hydrated curd soaps, Fer- 
guson states that the crystalline phases present in a soap product depend on 
the fat, moisture, and electrolyte composition of the system. But this is not all: 
the processing methods used to make the product may exert considerable in- 


TABLE III-1 
X-Ray Dirrraction Data or THE Four Soar Puases*4 


Lattice spacing, 
fase 
- A., d/n 


Alpha 2.45 and 3.65 
Beta PATE) 
Delta 2.85 and 3.55 
Omega 2.95 


fluence, not only on the phases finally present, but also on the condition or 
state of these phases. Such factors as the crystal size, orientation, and co- 
herence between crystals may vary widely, and bar soap properties, for 
example, may be influenced by these factors. Thus, it is usually difficult to 
give strict comparisons of soap property for the various phases because, in 
general, the same conditions will not have prevailed during their produc- 
tion, and, consequently, factors other than phase affect the properties of the 
products. 

For example, when neat soap is cooled, a mixture of phases may result. 
As a general rule, very rapid chilling induces the formation of “omega” 
crystal phase, while slow cooling increases the amount of “beta.” The melting 
properties and the final melting point of the product will depend on, and vary 
with, the phases so produced. The firmness of the bar or cake will be affected 
by the coherence of the crystals, crystal size, etc., so that the effect of phase 
on firmness and other properties may be obscured by many other factors. 

The working or agitation of plastic soap compositions induces profound 
changes in properties. Soap milling and extrusion are examples of such 
processing methods. Extrusion of soap through an orifice, or intense mixing, 
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enables a closer approach to phase equilibrium. As an example of the changes 
produced by extrusion, the results in Table [11-2 should be noted. 

On the other hand, soap of the same fat composition as described in Table 
III-2, but containing only 6’ water and 70°. “beta” with only 30% “omega” 
phase can be reconverted into soap containing 75‘ “omega” when worked by 
a sufficient number of extrusions. At the same time, the lathering quality is 
reduced from 2.1 units to 0.9 unit. 

As to the influence of moisture on the stability of the different modifica- 
tions, Ferguson states that, for instance, sodium palmitate was found to be 
able to exist in the “beta” phase over the very wide range between hydrates 
with 2.4°>. water up to 950, while the “omega” had a much more restricted 
range. (This may account for the very high grade lathering quality of 


TABLE IL-2. 


Cu Nces OccurRING BY REPEATED EXTRUSIONS 
(19% HO, 80% Tallow, 20% Coconut Soap): 


No. of extrusions Phas Lather (rel. amt.) of Firmness 
through small orifi pABE soap rubbed off (arbitrary 
at normal temp. ne Ceo bar at 70° F. units) 

0 omega 0.20 6.7 
10 75% beta 
25% omega 0.87 8.2 
30 95% beta 
5% omega 0.91 8.3 


“stearic acid’ made from animal fats and known to contain large quantities 
of palmitic acid.) The opposite condition exists with coconut oil soap. 
In this case the “omega” phase dominates. 

As to the different lathering qualities of the various soap products ac- 
cording to their history, we would like to recall the suggestion of Thiessen 
(Sect. 1} according to which the character of cleavage planes many influence 
the behavior of soap crystals. 


(5) Behavior of Crystalline Phases in Soap as Shown 
by Rheological Evidence 


Ferguson shows that crystal phase transition definitely influences the hard- 
ness of the soap. In 1945, Vold and Lyon*? investigated different commer- 
cial soap samples under varying conditions by a rheological method, using 
an instrument called “the cutting wire plastometer.” The practical yield value 
is defined as the force in grams per centimeter at which flow becomes observ- 
able. The wire is first pushed gently 2-3 mm. into the sample to eliminate 
the effects of any surface skin. Counterbalancing weights are then removed 
until the wire begins to move with a velocity not greater than 1 mm. in 5 
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minutes. This weight, expressed in grams per centimeter of cutting wire of 
0.0206 cm. radius, is taken as the yield value, provided that the motion can 
be stopped and started again by adding and withdrawing 10-g. weight. 

Measurement of the yield value of samples originating from the same 
kind of soap, but having varying thermal history, revealed that considerable 
influence might be exerted on the hardness of soap by the type of heat treat- 
ment. 

Three samples were prepared. One was a bar of a framed soap (containing 
33.5% water, 1.89% salt, equivalent weight of fatty acids 263.1, iodine value 
43.1, cooled from soapboiler’s neat soap over a period of 3 to 4 days). The 
other two bars were prepared by keeping the soap between 90 and 105°C. for 1 
hour in the pressure tank, followed in one case by cooling to room tempera- 
ture over a period of 3 to 4 hours, and in the other by quenching the tank for 
30 minutes in ice water. Samples were kept 24 hours in closed containers at 
room temperature before determining yield values. 

The resulis show that the original bar was the softest, the slowly cooled bars 
were of intermediate hardness, and the quenched bars were the hardest. Ac- 
cording to Vold and Lyon the results are best interpreted in terms of dif- 
ferences in orientation and crystal size in the different samples. It is well-, 
known that the mechanical properties of fibrous materials (cellulose, nylon, 
etc.) are greatly influenced by the degree of orientation of the micellar units. 
With many materials the strength increases with increasing degree of orienta- 
tion. Hf a cake of soap consists primarily of an interlocked mesh of fibers, as 
in dilute systems, then a similar dependence on orientation might be expected. 

However, the molecules in soaps are perpendicular to the fiber axis (see 
Fig. I1I-7), whereas, e.g., in cellulose, the main valency chains are parallel to 
the fiber axis. Consequently, when a perfectly oriented soap sample is cut at 
right angles to the fiber axis, the break is primarily between relatively weakly 
linked hydrocarbon chains, without breaking primary valence chains. This 
leads to the prediction that in the case-of soaps the yield value would become 
less, the greater the degree of orientation of the sample. 

The rheological data are in accord with this hypothesis. The degree of 
orientation obtained in a solid soap is greater, the slower the rate of cooling 
from a molten or liquid crystalline state. Correspondingly, we find the 
slowest cooled soap to be the softest and the quenched sample the hardest. 

The patent literature maintains that undisturbed cooling of soapboiler’s 
neat soap usually results predominantly in the formation of “gamma” phase 
(called “omega” throughout the patent; see also Section 4), but that agita- 
tion below 7, during cooling results instead in the “beta” phase. (The, 
definition of T, is given in Chapter IV, Section 5A and will be dealt with in 
detail later.) 

“Beta” soap produced in this way is said to be much softer than “omega” 
soap (“Gamma”). Subsequent work recognizes more explicitly that degree of 
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orientation, size, and coherence of crystals may have as great an effect on the 
firmness as the nature of the phase present (Ferguson, as quoted in Section 4). 
Differences of this type due to the different processing must be the ex- 
planation for the fact that “beta” soap studied in the later investigations was 
found to be harder than the “gamma” (“omega”) soap. 

Table IJI-3 summarizes the contradicting statements made by Mills, Fer- 
guson, and Vold and Lyon. 

Vold and Lyon summarize their opinion by admitting the contradictory 
evidence by different workers at the present juncture, but stating: “It thus 
appears that, at least with framed soaps in this range of composition, orienta- 


TABLE III-3 
Data ON CRYSTALLINE PHases oF SoLip Hypravtep Soaps 
Observer Thermal or mechanical condition Phase Hardness Orientation 
Mills Slow cooling, no agitation Omega Hard 
(gamma) 
Slow cooling, agitated below T Beta Soft 
Ferguson Rapid cooling Omega Soft 
Slow cooling Beta Hard 
Rapid cooling from dilute solution or 
extrusion at high moisture content 
and high molecular weight Delta 
Mechanical working of omega Beta Hard 
Vold-Lyon Slow cooling — Soft Well 
oriented 
Rapid cooling Hard Poorly 
oriented 


tion factors arising from differing thermal history have a more important 
effect on the observed hardness than the question as to which of the several 
possible phases is present in greatest abundance.” 

In the same paper, the authors take sides in the discussion of whether 
the classical conception of bar soap consisting of “fibers of the more insoluble 
soaps enmeshing a gel or sol of the more soluble soap” (Sect. 4) should be re- 
placed by the conception of Ferguson as being “made up solely of crystalline 
phase without any apparent separation of liquid crystalline or liquid phase; 
the crystalline phase being in the form of a solid solution of the various constit- 
uent soaps, and existing in one or more several possible crystalline modifi- 
cation.” Rheological investigation favors the second conception, but the 
authors add that McBain has also long distinguished between what he called 
“wet curd” and “dry curd,” only the former having any {ree soap solution 
enmeshed in the solid cake. 


CHAPTER IV 


PHASE BEHAVIOR OF SOAPS 


(1) The Mesomorphic Phases of Anhydrous Soap 


Up to now we have dealt with the completely solid state of soap, with 
anhydrous crystals and hydrated curds, and the crystalline phases mentioned 
have all been solid crystals, that is, crystals having true and well-defined melt- 
ing temperatures. 

However, there are many conditions in soap technology especially at higher 
temperature, and at lower temperature in solution, when the crystals formed 
belong to the class of “liquid crystals.” 

Solid compounds exist which change only gradually into the liquid state. 
Between the incipient melting and the final melting points there are in such 
cases a number of transitional phases, each characterized by distinct phase 
boundaries and their respective transition points. The body in such phases 
is not considered totally solid and the condition is termed the liquid crystal- 
line or mesomorphic state (intermediate form). Soap is a typical body that 
produces such mesomorphic phases and the temperature at which this state 
actually occurs ranges from the genotypic point, which is for commercial 
soaps somewhere between 40 and 50°C, up to the complete melting point 
around 250°C. 

A study of mesomorphic substances established that there are two main 
classes of such bodies, one called smectic (soaplike) and the other type 
nematic (threadlike). 

In the smectic state, normal liquid flow does not occur: the movement is of 
a gliding nature, in one plane. On clean glass surfaces there is a tendency 
to form “stepped drops” and the edge of the liquid often shows a series of fine 
lines, visible in ordinary light, but more distinctly so in polarized light. If 
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the drops of liquid are touched, the gliding movement is observed. The result 
suggests a structure consisting of a series of planes, one on top of the other. 
This is supported by the fact that although smectic liquids give an x-ray defrac- 
tion pattern, they do so in one direction only. In the smectic state we 
may compare the molecular arrangement to a number of hair brushes in 
which the bristles are naturally parallel in each brush, but the brushes are 
set at random in space, placed one on top of another. 

The molecular groups in the nematic state have been compared to a 
bundle of cigars in which the individual cigars can move up and down while 
remaining parallel. See Fig. IV-1. 


(I) 
Fig. IV-1. Molecular arrangement in the smectic (1) and in 
the nematic (IJ) mesomorphic states.*° 


Whether or not crystals are present in a system can be investigated by op- 
tical means. An amorphous body (glass or water) gives free passage to 
light and is called isotropic. Of all crystal systems only the cubic system is 
isotropic. Crystals belonging to other systems are anisotropic, as a ray of 
light entering into it would emerge split into two components; it is therefore 
said that such crystals show double refraction. 

If a convergent beam of white polarized light is passed through a section 
of a uniaxial crystal, cut perpendicularly to the optical axis, and examined 
through a Nicol prism, a characteristic interference pattern will be observed. 
Thus, an isotropic liquid would produce no pattern in crossed Nicol prisms, 
but a uniformly blackened picture, while an anisotropic liquid, that is, a liquid 
in which liquid crystals are present, would be detected by a characteristic 
pattern. 

With the help of such optical methods and, as it will be seen later, also by 
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other methods, a series of mesomorphic or liquid crystalline states of soap 
were discovered. One of the most helpful nonoptical methods is the tech- 
nique of dilatometry. 

Whenever we heat a pure isotropic liquid (a completely molten material) , 
measure the volume of dilation occurring in, say, cubic millimeters per 100 
grams of liquid, and plot these values vs. the values for each temperature dif- 
ference, we will obtain a straight line when connecting the individual points. 
But when some kind of transition from one phase into another takes place 
during the experiment, this transition will become evident by breaks in the 
straight line, which would be called the dilation curve in this case. 

The dilatometric measurements of Vold and his associates*’-** on an- 
hydrous sodium palmitate are reproduced in Fig. [V-2. Subsequent breaks 


Dilatometer reading (arbitrary units) 
Fig. IV-2. Mesomorphic phases of anhydrous sodium pal- 
mitate as distinguished by dilatometric data.?° 


can be observed along the dilation curve in the range below 117°C. and up to 
the true melting point of 295°C. Each period between two breaks belongs to 
one of the mesomorphic phases: curd fiber phase to 117°C., subwaxy to 
135°C., waxy to 172°C., superwaxy to 208°C., subneat to 253°C., and neat 
soap phase to the melting point of 295°C., above which the sodium palmitate 
transforms into the completely molten isotropic liquid. ‘The soap in these 
various phases has been analyzed optically as well, and the photomicrographs 

85 R. D. Vold, Soap, 16, June 1940, p. 32. 

36 R, D. and M. J. Vold, J. Am. Chem. Soc., 51, 808 (1939). 


37M. J. Vold, M. Macomber, and R. D. Vold, ibid., 63, 169 (1941). 
38 R. D. Vold, ibid., 63, 2915 (1941). 
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show characteristic features as seen under crossed Nicols. 

Vold also describes visible differences between some of these phases when 
observed by simple visual methods. Curd fiber phase is a hard, opaque, white 
solid, which, if previously melted, forms a cake impenetrable to a stirring rod. 
There is very little visible change at the transition to subwaxy soap, although, 
if the soap has been largely freed of air bubbles by previous melting, it is pos- 
sible to notice a slight decrease in opacity and a certain swelling of the soap 
against the glass. Although very stiff, it is just possible to push a glass rod 
through a lump of subwaxy soap. There is no marked change in appearance 
between the three waxy phases, subwaxy, waxy, and superwaxy soap, although 
there is the usual tendency for the soap to become softer as the temperature 
is raised. The next group of two phases, subneat and neat, is very much less 
viscous than the group of waxy phases, the neat soap, especially, flowing under 
its own weight. Both are translucent rather than opaque, the sub-neat soap 
being rather chalkier than neat soap. 

It should be emphasized at this point that the term “neat soap” is used here 
for the last phase before melting to the isotropic liquid and may have nothing 
in common with the hydrous soap which is formed in the soapmaker’s kettle 
when fitted from a homogeneous soap solution. According to the original 
suggestion of Vold, this latter phase is called “soapboiler’s neat soap” through- 
out this part of the book. 

The “hot wire method” allows one to observe under the microscope the 
phases spread out side by side on only one sample of soap. With this method, 
soap spread out into a layer of 2 mm. is kept under an electrically heated wire, 
allowing for a temperature gradient of a range between 140 and 350°C. The 
phases develop below the wire according to the temperature range and they 
can be observed under the microscope between crossed Nicols or by the use of 
a device known as a mikropolychromar (see Journal of the American Chemical 
Society, 1941, volume 63, page 162). 

The anhydrous sodium salts of lauric (C,.), myristic (C,,), stearic (Cys), 
arachidic (Co), behenic (C22), and oleic (Cys, unsaturated acid), potassium 
stearate, and several other soaps were also studied by the same methods. All 
underwent a large number of transitions before melting to isotropic liquids, 
thereby showing that in general the single soaps can exist in any of seven (or 
eight—more phases are still being discovered) different equilibrium forms de- 
pending on the temperature. In general, the transition temperature decreases 
with increasing chain length, except for the transition from subneat to neat 
soap, which occurs at a slightly higher temperature the longer the hydrocarbon 
chain. For example, sodium palmitate melts from waxy to superwaxy soap 
at 172°C., while sodium behenate undergoes the same transition at 158°C. 

In a later review, Vold'®*° adds that, as the number of carbon atoms in 
the molecule increases, the temperature of final melting to isotropic liquid 
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decreases, while that of the formation of a mesomorphic phase from the crys- 
tal increases; that is, the temperature range in which the mesomorphic form 
exists is gradually narrowed down. Presumably, a soap with sufficiently high 
molecular weight would exhibit but one melting point. 

Mixtures of individual soaps behave like single soaps. In the isotropic 
solution, neat and subneat phases, all pairs of soap studied were completely 
miscible, even when the two components differed in chain length by six carbon 
atoms. In the subneat phase, sodium oleate and stearate seemed not com- 
pletely soluble in one another. 

It has been observed at the same time that small additions of one soap 
to the other usually causes the lowering of the transition temperature. The 
temperature at which curd fiber phase of sodium palmitate melts to subwaxy 
soap is lowered from 117 to 107°C. by the presence of 12% sodium laurate. 
This occurrence may cause the shifting of the transition temperatures of com- 
mercially important mixtures down to a range between 100°C. and room 
temperature. 

But even if such lowering of the transition temperatures does not proceed 
into ranges which are important with our present soap-boiling practices, it is 
obvious that, with the tendency in our day to switch over to one of the new 
continuous soapmaking processes, all of these, without exception, working at 
temperatures far above 100°C. and, asa rule, in the vicinity of the true melting 
point of soap, the knowledge gained of these mesomorphic modifications em- 
phasizes their importance. 

As to the structure in which these mesomorphic modifications appear, Vold 
states that neat soap (the liquid crystalline form stable at temperatures just 
below the final melting point) probably has a smectic structure, but whether 
the remaining mesoforms of soap have the same structure cannot be stated 
with authority at this time. However, Lascary and Seck are of the opinion 
that all of the mesoforms are examples of the smectic state, but this must be 
taken with some reserve. 

A recent x-ray investigation found evidence that in sodium oleate solu- 
tion an orientation of parallel molecular aggregation exists in which the thick- 
ness of one layer is equal to the length of one double molecule plus a sheet of 
water placed between the hydrophilic —-COONa groups. McBain*® presents 
this in the following words: “Direct x-ray evidence has been obtained for the 
presence of lamellar micelles in aqueous soap solutions, the soap molecules 
being closely packed side by side and placed in pairs end to end. just as in soap 
curd.” Stauff'? finds that the sideways packing may correspond to liquid 
crystal rather than to crystal structure. 

The mention of liquid crystals as present in soap solutions suggests a prob- 


22 J, W. McBain, in Advances in Colloid Science, Vol. I, Interscience, New York, 
1942, p, 124, 

40 J. Stauff, P. A. Thiessen, et a/., Naturwissenschaften, 27, 213 (1939); Kolloid-Z., 
89, 224 (1939). Through J. W. McBain, ref. 39, p. 124. 
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ably very wide range of existence of smectic arrangements in al! kinds of soap 
agglomerations. 


(2) The Mesomorphic Modifications of Hydrated Soaps 
and Soaps in Solution 


In the investigation of the ranges in which the various mesomorphic phases 
of anhydrous soap may occur, the thermal method of measuring the dilation in 
addition to some optical methods was used. It has been shown (Fig, IV-2) 
that each of these successive phases exists only within a certain temperature 
limit and by a decrease in temperature one phase simply changes into the 
lower one in sequence. While existing in one phase, the homogeneity is never 
disturbed and no separation whatsoever into different layers occurs. The 
mesomorphic phase in which the anhydrous soap appears depends conse- 
quently only on the temperature of the system and, at any given temperature, 
the phase to which the soap belongs is therefore definitely determined. It will 
be readily understood that pure anhydrous soap is a system with only one 
component containing nothing else than soap, and in these circumstances 
temperature is the only variable. 

The position becomes quite different when soap becomes hydrated even 
to the smallest extent. In this case the system contains two components, water 
and soap. In addition to temperature changes, the system also becomes vari- 
able by changing the proportions between the soap and water present. A whole 
series of mesomorphic modifications is possible, but it is considerably more 
complicated to establish the interrelationship between the variables of the 
system and the conditions in which each of the phases attains stability. 

It will probably be useful at this point to present precise definitions for 
the concepts mentioned here: phase, component, and degree of freedom. 

A phase is any homogeneous and physically distinct part of a system which 
is separated from other parts of the system by definite bounding surfaces, 

The number of components of a system in equilibrium is the smallest num- 
ber of independently variable constituents by means of which the composition 
of each phase present can be expressed, either directly or in the form of a 
chemical equation. 

The number of degrees of freedom of a system is the number of variable 
factors, such as temperature, pressure, and concentration (or composition) 
which need to be fixed in order that the condition of a system at equilibrium 
may be completely defined. 

It may be added that equilibrium is a state or condition of rest in which 
a system will persist when the variables are fixed. 

The phase rule is a mathematical expression representing the interrelation 
existing between degrees of freedom, number of components, and number of 
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phases, and, is represented by the following equation: 
F=C-P+2 


where F is degree of freedom, C is the number of components, and P is the 
number of phases. 

In the following studies we shall discuss the meaning of the phase rule and 
show how the data resulting from the phase rule may be recorded on phase 
rule diagrams and the way in which these phase rule diagranis are able to serve 
the student of soapmaking in acquiring a deeper knowledge of the processes. 

The phase rule expresses in chemical language the algebraic principle 
that m equations are needed for an unequivocal determination of n independent 
variables. It further states, in our case, that the phase condition in which soap 
will appear must be independent of its previous history and will be dependent 
only on temperatures, the composition of the phase, and pressure. The same 
state should be reversibly attainable from higher and lower concentrations 
or from higher and lower temperatures. 

There has been considerable discussion (especially in the German litera- 
ture) as to whether the phase rule is applicable to colloids like soaps. By a 
very large amount of experimental work carried out in the most systematic 
manner by J. W. McBain and his school during the last 30 years, it can be 
considered as established beyond doubt that all experimentally traceable 
phase procedures satisfy the requirements of the phase rule, and that all soap 
systems existing in equilibrium with their various phases can be recorded 
satisfactorily in the usual two- or three-component phase diagrams. 


(3) Phase Diagram 


There is the ordinary rectangular two-coordinate system in which two 
variables can be recorded and in which to any point of the area two values 
are coordinated, one on the horizontal axis (abscissa) and one on the verti- 
cal axis (ordinate). The mesomorphic transitions of anhydrous soap are 
recorded in a phase diagram in Fig. 1V-2 where the change of dilation (ab- 
scissa) with temperature (ordinate) is demonstrated. The horizontal straight 
section in this diagram indicates that a state of transition is going on from one 
mesophase into another. 

Another example is Fig. IV-6, vapor pressure (ordinate) vs. soap con- 
centration (abscissa), in which, as will be seen later, the horizontal straight 
sections indicate the simultaneous presence of two phases and a process of 
transition from one into the other. In this case, of course, the variation of 
temperature cannot be recorded since a third coordinate is not available for 
this in a two-coordinate system, and so each curve is able to represent only the 
conditions characteristic for one fixed temperature. Such curves are called 
isotherms, 
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There is a type of binary (or two-component ) phase diagram representing 
the two-component soap—water system in a temperature—soap-in-water concen- 
tration system (Figs. [V-4 and IV-5). In these systems, for instance, the T; 
values (the temperature at which isotropic solution separates liquid crystals or 
precipitates curd fibers) and J’, values (temperature at which clear anisotropic 
liquid and liquid crystalline phase soapboiler’s neat soap and middle soap— 
precipitates white curd fibers) can be recorded. The 7; and T, curves con- 
stitute phase boundaries in themselves; in such coordinate systems the phase 
areas of the different homogeneous (in which only one system exists without 
any separation) and heterogeneous (in which any composition must separate 
into two layers each belonging to one of the adjacent pure phases) phases can 
be represented. 


WATER Lye 

Fig. IV-3. A schematic equilibrium diagram for a system soap~salt—water 

near 100°.41. The corners represent soap, water, and salt, respectively, and the 
compositions are proportional to the distance from these corners. 


On studying the influence of salt on the system, the areas must sometimes 
be shown in which at a fixed soap—water concentration and salt content, a 
homogeneous phase may exist. These are isotherms as shown, for example, for 
the phase boundaries of isotropic solutions in Fig. TV-15. 

Triangular equilibrium isotherms are used, as a rule, for three-compo- 
nent systems such as the practical soapboiline equilibria between soap, water, 
and salt (Fig. 1V-3). 

Each point in such a diagram gives, by its three-coordinate system, the 
composition of the system with regard to the three components, the sum of 
which always totals 100. The black areas represent the homogeneous phase, 
the hatched areas represent a two-phase separation, and the white triangles in 


41 J, W. McBain, R. D. Yold, and M. J. Vold, J. 4m. Chem. Soc., 60, 1666 (2938). 
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Fig. IV-4. Binary phase diagram for sodium stearate.*® 
Abscissa, weight per cent of soap. 


between represent where separation in three layers may be expected, or 


where three phases may coexist. 


The ternary system may be presented in a somewhat different form, in 
which each point gives the coordinated values for water-free soap and salt by 
vertical projection so that 100 less the sum of both indicates the water content. 
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Fig. IV-5. Binary phase diagram for sodium palmitate.45 Ab- 
scissa, weight per cent of soap. (a) Neat. (b) Subneat. (c) 


Superwaxy, (d) Waxy. (e) Subwaxy. ({) Supereurd. (g) 
Curd. 
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(4) Soap Phases in Hydrated Systems 


Before explaining the methods by which phase boundaries have been es- 
tablished, we will present the exact definitions of the different phases and 
their nomenclature in soap systems as they are used today in the literature 
and in actual practice. 

From an optical point of view, soap systems must be classified into three 
large groups: (a) clear optically neutral liquids (isotropic); (b) clear, or 
translucent, but double refracting liquids (anisotropic) ; and (c) soft or solid 
white masses. 

In order to avoid possible misunderstanding in the denomination of the 
individual phases, the equivalent German terminology, as given by McBain, 
Vold, and Vold,*t is summarized. 

In two (soap—water) and three (soap—water-salt) component systems the 
following phases are known to exist: 

(a) Clear isotropic solution called niger and lye. The niger contains 
relatively less salt and more soap, the lye generally less soap and more salt. 
There is a region in the three-component phase diagram which is called the 
bay region, where an equilibrium between niger and lye may exist and where 
generally the homogeneity of the isotropic solution is disturbed and it is then 
separated into two layers. The viscous niger, in such cases (upper layer with 
more soap), would be called Leimniederschlag, the liquid lower layer Unter- 
lauge. It must be borne in mind that the region of the isotropic solution 
embraces a very large area from low to very high temperatures. Soap can be 
iransformed into an isotropic liquid by dissolving it in sufficiently large quan- 
tities of water or by heating it in the anhydrous state to high temperatures 
where, above its true melting point, it would become an isotropic liquid, even 
when no water at all is present. Isotropic liquid is defined by the complete 
absence of solid or liquid crystals, and the special optical feature as mentioned 
above is the absence of any turbidity when observed directly, or a total black- 
out when observed in polarized light (under crossed Nicols). 

(b) (1) Neat soap (soap boiler’s neat soap). This phase is a visually 
clear translucent liquid. When tested optically, it is found to be double-refract- 
ing anisotropic, and therefore is a “liquid crystalline phase.” Soapboiler’s neat 
soap fitted and settled is hot and liquid neat soap (the German equivalent is 
geschliffene Kernseife, abgesetzte Kernseife, or Kernseife auf Leimnieder- 
schlag. Curd soap (Kernseife auf Unterlauge), which is a completely salted- 
out soap, is understood (for the time being by the authors) to be, while hot 
and liquid, the same phase, namely neat soap, except where the concentration 
of electrolyte is high enough to cause separation of curd fibers (true solid 
crystals) ; these appear in any case upon cooling. 

(2) Kettle wax, This phase was not known when the classification was 
given by McBain (1938. It is now probable that the phase present when 
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salting-out to curd constitutes “kettle wax,” and the conceptions as described 
under (1) for curd soap should be interpreted accordingly. 

(3) Middle soap. This is another conic (smectic) anisotropic liquid 
or clear double-refracting liquid crystalline phase, immiscible with neat soap 
and of lower soap content. It has been, sometimes mistakenly confused with 
niger (Leimniederschlag) which is, however, wholly different, and is present 
in the kettle when bunching occurs. 

(c) Crystalline phases. These are soft or solid white masses. 

(1) Lamellar crystals seldom occur in sodium soaps, but more often 
in potassium and ammonium soaps. In soft soaps they form the fig (gekoernie 
Schmierseife). They also appear in the sediment of acid soaps and prob- 
ably in acid soap preparations like shaving creams. Since they generally are 
not found as a stable phase in the case of sodium soaps, they do not appear 
in phase diagrams shown in this book. 

(2) Curd fibers. This is the common crystalline form of sodium soaps. 
Often referred to as “hydrated crystals.” They are the white fibers, or Kern- 
fasern, often several centimeters long, but usually consisting of bundles of 
fibers which are ultramicroscopic except in length. Curd fibers may be an- 
hydrous, but they generally contain water. 

The foregoing represents a classification of separate and well-defined phases 
that may occur in hydrated soap systems in equilibria. McBain, in his classi- 
fication’ defines soap curd or simply Curd as follows. “Soap curd should 
not be confused with commercial curd soap boiled on lye (Kernseife auf 
Unterlauge) and also not with “curd fiber.” Soap curd is a solid mixture 
of phases containing curd fibers, with or without solution or liquid crystalline 
material. “Dry curd” consists entirely of curd fibers. 


(5) Methods for Establishing Phase Boundaries 
(A) J; anp T, Curves 


When considering the three big groups into which hyarated soap systems 
may be classed when their properties are determined by optical methods, a 
combined thermal and optical method for this purpose appears expedient. 
A soap solution must be completely isotropic, that is, totally devoid of any 
iruly or liquid crystalline elements when heated to a sufficiently high tem- 
perature. In that state, it must be completely transparent and must produce 
a blacked-out picture when investigated under crossed Nicols. When gradually 
cooled, there must be a temperature obtained at which some turbidity may 
appear due to the formation of a second phase, and the liquid will show un- 
der crossed Nicols a pattern which reveals the presence of liquid crystals. 
This will be the temperature transition point at which this particular soap— 
water composition changes from the pure isotropic phase into the mixed aniso- 
tropic region, and this transition point will be termed 7; When further 
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cooled, there will be a second transition point, T,, at which the first visible 
white curd precipitation appears. By establishing 7; and T, for a series of 
different soap—water compositions, two curves, the /', and T, curves, may be 
recorded in a two-component phase rule diagram. 

The T; and T, points have been established in practice by (a) visual obser- 
vation of the temperature and concentration at which new phases appear 
and disappear and (6) observation with the microscope and the polarizing 
microscope with heat stage by (1) analysis of the separated phases, (2) the 
vapor pressure method, and (3) by dilatometric data. 

These 7’; and 7, curves constitute part of the phase boundaries. The 
T; curve represents the temperatures for each soap concentration at which clear 
isotropic solution enters into the heterogeneous area in which isotropic solu- 
tion may exist in heterogeneous equilibrium with neat or middle soap. The 
T, curve, in turn, represents the boundary under which pure neat or middle 
soap or pure isotropic solution may form heterogeneous equilibria with curd 
soap.*” 

The experimental determination of the 7; and T, value appears to be quite 
simple and consists in sealing off the different soap—water mixture samples with 
their varying composition in a glass tube, converting the samples to homo- 
geneous isotropic solutions by heating them to a sufficiently high temperature, 
and later making a double determination on each sample for establishing 7; 
and TY, respectively. 7'; will be given by the temperature at which the clear iso- 
tropic liquid separates another birefracting phase when cooled slowly, and T, 
by the temperature at which the last traces of white curd have disappeared or 
slow heating of the solid samples. 

The curve through points ABCDO in Fig. IV-5 represents the 7; curve, 
and EFGHDO the T, curve. It will be noted that at the composition ranges 
from F—G and from H—D the temperature of disappearance of crystalline soap 
becomes constant, that is FG and HD are straight lines. 

At this stage, application of the phase rule can be instructively demon- 
strated, and, at the same time, a classical example given as to how McBain 
and his associates*” *’ furnished the proof that the phase rule is applicable 
to practical soap equilibria. 

By direct application of the phase rule, it can be deduced that four phases 
must be present in each of these two regions. When the phase rule 


Fe C12-P 
is substituted by the data as follows: 
C 2 (soap and water) and P- 3 


42 J, W. McBain, G. C. Brock, R. D. Vold, and M. J. Vold, J. Am. Chem. Soc., 60, 
1870 (1938). 

43 J, W. McBain, et al., J. 4m. Chem. Soc., 60, 1870 (1938). 

44 Idem., 63, 875 (1941). 
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then F would be equal to 1, meaning that one degree of freedom remains, or 
one factor remains variable. This means, in turn, that to each soap composi- 
tion a still variable temperature could be coordinated as it is on the branch 
between E and F. 

But when P is assumed to be 4, no freedom will be left in such a system, 
and therefore, in this case, the temperature must be constant while four 
phases exist. This would be the meaning of the straight line between FG and 
AD. 

What are these four phases on the straight branches? Between F and G, 
neat, middle, crystalline curd, and vapor phase. Between H and D, middle, 
isotropic, curd, and vapor. It can be seen from the phase diagram that on 
the curd branches only three phases may exist as neighbors: neat soap, curd, 
and vapor phase between F£ and F; middle soap, curd, and vapor between G 
and H; and isotropic solution, curd, and vapor between D and O. 

The presence of vapor as a separate phase in watery solutions must always 
be taken into consideration. In this way, a seemingly one-phase system of 
one liquid component must be considered to be in reality a two-phase system 
containing one liquid phase and the vapor above it constituting the other 
phase. 

The methods by which the phase diagram has been completed and the 7, 
curve verified were also based entirely on the requirements of the phase rule. 


(B) THe Vapor PressuRE METHOD 


In the case of two components only (soap and water), and in case of one 
liquid phase (actually two phases: one liquid plus one vapor), there will be 
two degrees of freedom left, since C = 2, P=2, and 2-21+2=2. 

Any two variables such as soap concentration and vapor pressure may be 
chosen as the two degrees of freedom. This means that in a coordinate system 
where the vapor pressure appears on, say, the vertical coordinate and the soap 
concentration on the horizontal coordinate, both values will be able to vary 
freely along a curve for any one fixed temperature. However, when two 
independent liquid phases are present, the number of freedoms must drop by 
one, and, in this case, as long as the two liquid phases exist simultaneously, the 
vapor pressure must remain constant while soap concentration is varied. As 
soon as either of these liquid phases disappears, the vapor pressure will again 
be able to vary, and the straight part of the diagram will start to curve again. 

This is one of the methods by which McBain and his school*® investigated 
large areas of temperature~soap—water concentration equilibria in which the 
different phases may exist in homogeneous or as coexistent heterogeneous 
phases. The vapor pressure of various pure soaps with different soap content 
in the solution or, which is the same, the relative humidity in the air above 
such soap systems, has been determined for several fixed temperatures, and 


45 J, W. McBain and W. W. Lee, Oil and Soap, 20, 17 (1943). 
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Fig. 1V-6. Relative humidity (P.’P:) versus soap concentration 
isotherms for hydrated sodium palmitate.*5 


the isotherms are recorded in a coordinate system of relative humidity versus 
soap concentration. (Fig. IV-6.) 

Let us consider the isothems for pure sodium palmitate in Fig. [V-6. The 
isotherm for 84°C, starts in the lower left corner as for all the curves with 
anhydrous soap (it will be remembered that the first fixed temperature re- 
corded in the dilatometer curve in Fig. IV-2 was 117°C., and there it was 
stated that anhydrous sodium palmitate appears in the “curd fiber phase”). 
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Tt has been observed by McBain and Lee that anhydrous sodium palmitate 
appears in the “curd phase” at 83°C. On hydrating the anhydrous soap the 
relative humidity rises continuously up to the concentration of 96.8. soap or 
3.2°. water content, which corresponds to a composition of one molecule of 
sodium palmitate with one-half molecule of water. Such a compound may be 
called half-hydrate or hemihydrate, and it can be seen that when this composi- 
tion is reached at 67°. relative humidity the curve suddenly becomes straight 
(one degree of freedom drops out), showing that there is a phase boundary 
and that for a little while two phases are present simultaneously. Then, on 
further hydration, the curve starts to rise again, representing the exclusive 
range of the hemihydrate modification, At 92°: soap concentration there 
is a very long straight section which finally reveals a phase boundary at 64' 
soap, this time the lower boundary of the “soapboiler’s neat soap.” Let us 
follow now the 90°C. isotherm where three phases are present successively 
from 100°< soap down to 70%: curd is transformed into hemihydrate in 
about the same region as before, and then the hemihydrate transforms into 
soapboiler’s neat soap when hydration reaches 76°. soap. In this case also 
there are straight sections between the areas of homogeneous regions showing 
the existence of heterogeneous phases between the two adjacent homogeneous 
areas. 


TABLE IV-1 


RANGE OF COMPOSITION FOR THE STABLE EXISTENCE OF HYDRATED SopiuM PALMITATE 
AT A SERIES OF TEMPERATURES*® 


Temp., °C. Phase Weight per cent soap 

84 Curd 94--100 
Neat (64) —75 

90 Supercurd 94-100 
Neat 62-76 

100 Supercurd 90-100 
Neat (65)—77 
102.5 Neat (62)-78 

107 Supercurd 95-100 
Neat (70)-81 

112 Supercurd 94-100 
Subwaxy 90°92 
Neat (61) -84 

130 Subwaxy 96° 100 
Neat {63}-92 

145 Waxy 97.5-100 
Neat (70) -92 


In addition to the methods described here, several others were also used, 
x-ray, dilatometric, calorimetric, and optical. By applying the potentialities of 
all of these methods, McBain et al.*° succeeded in securing in the course of 
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thirty years sufficient information to explore almost the entire area of the 
binary phase diagram. 

Table IV-1 contains the information derived from the vapor pressure dia- 
gram concerning the range of composition for the stable existence of phases 
on hydrated sodium palmitate at a series of temperatures. 

McBain and his co-workers finally compiled all of this information in 
temperature—concentration diagrams, which may be called the “complete 
binary phase diagrams of various pure soaps” (Figs. IV-7, IV-8, IV-9). 

The usefulness of such phase rule diagrams is obvious. In the first place, 
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Fig. IV-7 Fig. IV-8 

Fig. IV-7. Binary phase diagram for sodium Jaurate.45 Fig. IV-8. Binary 
phase diagram for sodium myristate.t5 (a) Superneat soap. (6) Isotropic 
solution. (c) Soapboiler’s neat soap. (d) Middle soap. 


they contain all the information concerning the water-free soap as given 
in Fig. 1V-2. In the second place, all the transition points and phase ranges 
for anhydrous soap may be read from the ordinate. 


(C) How to Derive INFORMATION FROM THE Binary PHase DiacramM 


Few general indications should be given for the use of the binary diagrams 
in the areas representing the hydrated soap. The white enclosed areas rep- 
resent temperature and svuap concentration ranges in which only one homo- 
geneous phase exists like soap boiler’s neat soap, superneat soap existing at 
very high temperatures, middle soap, isotropic liquid, and dry curd. There 
are the small areas of low hydrated modifications like supercurd, subwaxy, 
waxy, superwaxy,. subneat, and neat, which also consist of homogeneous areas. 
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The shaded bands show the horizontal isothermal tie-lines along which hetero- 
geneous two-phase systems exist. Thus, wet curd may be taken, for instance, 
as an area in which dry curd co-exists with isotropic liquid or middle soap. 

Let us consider some practical examples from the diagram for pure 
sodium palmitate (Fig. IV-5). 

We will be able to predict the result when, at a certain temperature, an- 
hydrous soap is hydrated to different degrees. Let us first take the practically 
important temperature of 100°C. We see that at this temperature the region 
of soapboiler’s neat soap will be reached at 76 grams of dry sodium palmitate 


with 24 grams of water up to the ratie af about 65 grams of soap and 35 


ina 
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Weight per cent of soap 
Fig. IV-9 Fig. TV-10 
Fig. IV-9. Binary phase diagram for sodium oleate.4° Fig. IV-10. Binary 
phase diagram for a commercial soap.** (a) Superneat soap. (6) Isotropic solu- 
tion. (c) Soapboiler’s neat soap. (d) Middle soap. 


grams of water. It can also be seen that, when adding water at 100°C., a 
separation in two layers will take place after a while; the upper layer will be 


pure neat soap and the lower layer will be middle soap. Then, at a ratio of 
about 50 g. of soap and 50 g. of water, we will obtain a homogeneous layer 
consisting of the dense and viscous middle soap so much feared by the prac- 
tical soapmaker. Again, mixtures between 45 parts of soap and 55 water and 
28 parts of soap and 28 parts of water will separate into two layers, the upper 


one being pure middle soap and the lower one pure isotropic soap solution 
containing less than 28°” of soap. 


Let us now take a pure neat soap containing 65°. of sodium palmitate at 
100°C. We would like to know what happens when ‘his soap is cooled 
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slowly. On following the 65% vertical line we will learn that the mass will 
remain clear neat soap down to a temperature of 82°C. It will then transform 
into heterogeneous curd and then, at 70°C., into dry curd, which is a com- 
pletely crystalline phase. The point at 82°C. will represent the J, point in 
this case. 

Such binary phase diagrams for soap—water systems have been worked out 
for sodium laurate, myristate, stearate, and oleate, and in view of the very 
large amount of information incorporated therein, we have reproduced them 
here for further reference. 

In addition to the 5 pure soaps, McBain and Lee investigated a commercial 
toilet soap base (Fig. I1V-10). A phase diagram had also been worked out for 
this product. Here, however, the possibility must be taken into considera- 
tion that such a commercial soap may separate into fractions under certain 
conditions, thereby increasing the number of components, and upset the as- 
sumptions made for the application of the phase rule. It was established, 
however, that the phase rule can be applied with satisfactory results, to prac- 
tical soap-boiling equilibria as well. 

This phase diagram characterizes the individual soap throughout all 
ranges of temperatures and concentrations. There may also be certain specific 
points derived from the diagram which are very suitable for serving as refer- 
ence points for comparing soaps from different fat compositions. McBain 
proposes such a characteristic point, for instance, as the point of lowest tem- 
perature at which 70% neat soap (containing 62% fatty acid as soapboiler’s 
neat soap produced in the kettle) can exist alone, which is identical with the 
T, point to 70% neat (compare Fig. IV-5); the lowest temperature and the 
corresponding soap concentration at which neat soap can exist at all (point 
F); the left boundary of temperature for neat soap on the 100°C. horizontal 
line; and the “temperature of ready solubility” (the temperature at which soap 
suddenly becomes highly soluble—to an extent of 20-30% soap-in-water; 
a few degrees lower the solubility was only slight). This point is situated on 
the boundary line between isotropic solution and the mixed zone of middle soap 
and isotropic solution, but above the isotropic-curd boundary; consequently, 
this point represents at the same time the lowest temperature at which middle 
soap is still able to exist (Ts). 


(D) Errecr oF SMALL QUANTITIES OF SALT ON THE PHASE BOUNDARIES 


Up to this point the effect of electrolytes on the equilibria has not been 
taken into account and the diagrams given deal only with systems of pure 
soaps or soap—water solutions. It is evident from what has been said about 
the role of components in the phase rule that when a new component enters 
the system the phase diagram will have to undergo a change. 

McBain, Vold, and Gardiner*® established the phase diagram for various 


46 J, W. McBain, R. D. Vold, and K. Gardiner, Oil and Soap, 20, 221 (1943). 
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TABLE IV-2 


CoMPARISON OF SoME ImporRTANT VALUES FoR Five Pure Soaps 
AND THE TyPicaL COMMERCIAL Soap?5 


Lowest T for neat Soap left in T,, 

is AR area ms 
Na laurate 42 76 62 58 80 
Na myristate 60 84 70 51 79 
Na palmitate male 88 80 63 78 
Na stearate 77 91 83 50 79 
Na oleate 32 43 34 61 86 
Toilet 49 60 51 58 85 


soap—water concentrations of sodium oleate to which the constant addition of 
1.5 parts by weight of sodium chloride to 100 parts of sodium oleate were 
made. They have chosen this proportion because at this proportion neat with 
70% soap would contain 1.05‘. salt, and this is about the upper limit of salt 
content which still occurs with soaps in practical soapboiling. 

This time the technique for establishing the main phase boundaries was 
based entirely upon the determination of the 7, and T; points. The results of 
these determinations were laid down in a double phase diagram. 

By comparing the two phase diagrams, the effect of the addition of small 
quantities of salt to soap may be summed up as follows. 

(a) It lowers the solubility of the solid soap in all phases (starting at the 


TABLE IV-3 


TEMPERATURE OF READY SOLUBILITY (7's) OF VARIOUS SOAPS IN WATER, AND SOLUBILITY 
OF SOAPS IN WATER IN PER CENT BY WEICHT AT 90° C., INcLUDING SoplUM 
Soaps or Various SINGLE Otms AnD Farts*® 


Soap 448 % soap at 90° C. Max. % salt in niger 
Na _ laurate 42° 36 Tie} 
K laurate __ 17 36 23.6 
Na myristate 60 30 — 
Na_ palmitate 71 26 5.4 
Na stearate fal 19 2.8 
K oleate _ > 0.9 26 9.5 
Na _ oleate 32 30 Se 
Palm oil 52 31 4.6 
Whale oil, semihardene: — 35 D2 
Green sulfur olive oil 27 33 3.5 
Tallow - 53 29 4,2 
Soybean oil as 34 2.9 
Coconut oil - _ 42 13.3 
Tallow-coconut oil 48 28 — 


*%4 palm, “4 coconut oil 49 Ss = 
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horizontal at 88° C., the curve of the system without salt will be reached at 
about 79% soap, the curve representing the mixture with salt only at 73.7% 
soap; likewise, by following a vertical line of one fixed soap concentration, say 
at about 70% soap, on lowering the temperature the curd phase will be 
reached earlier when salt is present than when it is not). 

(b) It enables the neat soap to take up more water without changing into 
the isotropic solution. This can be seen from the shape of the upper 7; curve, 
which is bulged out when compared to the pure binary curve. This effect 
would be even more important between neat and middle soap regions, as this 
would mean that in the presence of salt the danger of forming middle soap 
phase is diminished. The fact that such an effect exists is well-known by the 
practical soap boiler and was shown by Ferguson. However, no such con- 
clusions can be drawn from the present curves. 

(c) The area of middle soap is narrowed, and against this the solubility 
of soap in isotropic solution is increased. 


(6) The Complete Ternary Phase Rule Diagram 


(A) Merrops ror EstaBLisHinc BouNDARIES IN THE TERNARY SYSTEM 


The two-component rectangular diagram contains only the information 
necessary to follow the phase behavior of soap systems containing soap and 
water. The three-component diagram has been established by the follow- 
ing methods.*? 

(1) Weighed samples of pure soaps (sodium laurate, stearate, etc.) were 
mixed with weighed quantities of salt and the amounts made up to 100 by 
water, and sealed into a Pyrex tube. These samples were prepared in such 
variety as to cover the largest possible area in the phase rule diagram. On 
these samples the values of T; and T, were observed as already described. 

(2) At the same time, the samples were observed at temperatures T; and 7, 
to determine which of the phascs is being formed under these conditions 
on cooling or heating over the temperature limits of 7’; or T.. This was estab- 
lished by visual methods. 

(3) In order to have the details worked out in certain cases, so-called 
delimiting experiments have been carried out at one fixed temperature. This 
method consists in preparing, by trial and error, pairs of systems whose com- 
positions lie very close together, one on each side of the boundary to be de- 
termined, and placing the boundary between them. 

(4) Some of the systems which under the observed conditions separated 
into layers belonging to different phases were centrifuged at the temperature 
of equilibrium in order to obtain the most complete separation of the phases 
and then chilled by quenching in a Dry Ice mixture. Samples of phases 


47 J, W, McBain, e¢ al., J. Am. Chem. Soc., 60, 1874 (1938). 
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separated in this way (which previously were in heterogeneous equilibrium) 
were analyzed for their soap and salt contents. 

(9) The respective volumes of the phases separated were estimated, thus 
acquiring knowledge of the quantitative aspects of phase separation. 

As a result of these micro and macro experiments ternary phase rule dia- 
grams were obtained. Fig. IV-11 shows the ternary diagrams for sodium 


32 
Weight per cent NaC! 


Fig. IV-11. Ternary phase diagram for sodium laurate at four different 
temperatures.47 Ordinate, weight per cent of sodium laurate. 


laurate at four different temperatures, each temperature requiring, of course, 
its separate triangular diagram, 

The diagrams are of the type explained in Sect. 3; each point is charac- 
terized by a fixed amount of anhydrous salt and soap, the difference from 100 
being water. The black areas represent homogeneous phases. The hatched 
ones containing tie-lines are the heterogeneous areas in which a two-layer 
separation is to be expected; the white triangles are areas in which three 
phases have been found to be in equilibrium. The equilibrium always exists 
between two phases connected by one tie-line. or in the case of a three-phase 
equilibrium between the pure phases connected by the three corners of a 
white triangle. 
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McBain succeeded at this stage in again confirming the applicability of 
the phase rule diagram to soaps. At the same time, a very important prac- 
tieal use could be demonstrated for this type of diagram. The following ex- 
periments were carried out with certain soap and salt compositions which 
would be situated in the so-called “bay” region of the ternary phase diagram. 
(Fig. [V-11; 90° isotherm in upper right corner.) 

The “bay” region represents a two-phase niger—lye system corresponding 
to the soap mass that can be found in the soapboiler’s kettle beneath soap- 
boiler’s neat soap and which, on standing, separates into two layers, niger 
and lye. Ina phase rule diagram, a certain soap-salt system situated on a tie- 
line connecting two homogeneous phases should separate into two layers whose 
weight ratio will be inversely proportional to the distances measured along the 
tie-line from the point representing the initial composition to the phase boun- 
daries. This could be checked easily by the experiment described above in 
which, in addition to the composition of the layers, their volume has also 
been established. 


TABLE IV-4 
Data OF THE EXPERIMENTS IN THE “Bay” REcIon47 


Initial system 


(% by wt.) Niger (4) Lye (B) Lye (B) Weight 4/weight B 
— — Na Jaur. NaCl NaCl -- 
Na laur. NaCl Cale. Obs. 
10.0 phe 10.9 11,13 13.36 12.5 12 

3.0 12.8 10.9 11.13 13.36 0.34 0.25 

4.9 12.3 10.8 12 13:23 0.81 0.68 

3.0 12.45 10.3 11.10 12.96 0.39 0.34 

3.0 12.0 9.0 11,06 12.38 0.43 0.45 

(Na laur. 0.2) 


Table IV-4 contains the results of these very important experiments and 
show that: (a) the relative weight of the separate layers corresponds with 
the length measurements made on the tie-lines in the diagram, and (6) the 
separated niger and lye layers both had compositions representing the border 
compositions of the related phases. 

The good corroboration between assumption and experimental result 
allows us to believe that by using phase rule data we shall be able to predict 
the following for any soap system of a known initial composition at a par- 
ticular temperature: (1) whether it will separate at all into phases; (2) into 
how many phases it will separate; (3) what the relative quantities of each 
separated phase will be; and (4) what the composition of each of the phases 
will be. 

It should be mentioned that such calculations can be carried out theoreti- 
cally for three-phase areas as well (e.g., for neat-niger—lye), and that these 
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calculations are then based on the compositions representing the three corners 
of the triangle. 

However, it must be clear that, in order to be able to predict all these par- 
ticulars with sufficient accuracy for all practically possible soap equilibria, it 
would be necessary to study all of them with exactness with which McBain and 
his associates proceeded in the case of sodium laurate. A tremendous amount 
of investigations lies ahead, with all of the fat compositions, electrolyte con- 
centrations, and temperatures that are used by the soap boiler. 


WEIGHT PERCENT SGDIUM LAURATE 
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Fig. IV-12, Phase diagram of the system sodium laurate-salt— 
water at 90°, showing kettle wax island.49 


(B) Tue Kettte Wax PHASE 


During 1944, a new liquid crystalline phase, the ketile wax island, was 
discovered.** Its boundaries were confirmed by the sinthetic delimiting 
method explained just above. The exact position of this new homogeneous 
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phase island can be seen from the new triangular phase diagram in Figs. 
1V-12* and [V-13.%8 

The waxlike kettle wax phase appears as an island in a dominant position; 
the tie-lines show its equilibria with lyes containing between 4.2 and about 
21% NaCl. The phases present are curd, supercurd, crystalline salt, kettle 
wax, neat soap, middle soap, and isotropic soap solution, which includes lyes. 
Triangles represent equilibria between three condensed phases and are sepa- 
rated by heterogeneous regions of two condensed phases. Broken lines are 
provisional or inaccurately determined positions. 

An interesting feature of this new phase is that, upon cooling, the island 
drops gradually into deeper concentration regions, moves toward higher salt 
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Fig. [V-13. Phase diazram of the soap system sodium stesratr—salt water al 90°C.48 


concentrations, and becomes smaller in area. At 80°C. it becomes a very small 
spot in the diagram. 

The most important feature of this discovery must be seen in the fact that 
the new island is now interposed in the middle of the diagram between the 


curd phase and the lye phase. With sodium laurate there are now no tie-lines 
at all between the curd and the lye phases, and, with sodium stearate, curd 
is only connected with very highly concentrated salt lyes. 


48 J, W. McBain, K. Gardiner, and R. D. Vold, Ind. Eng. Chem., 36, 808 (1944). 
49 J, W. McBain, R. C. Thorburn, and C. G. McGee, Oil and Soap, 21, 227 (1944). 


IV. PHASE BEHAVIOR OF SOAPS 83 


(C) Tue Puase DiacRAM AND EXPLANATION OF SOME ASPECTS 
OF THE PRACTICAL SOAP-BOILING PROCESS 


The new ternary diagrams for sodium laurate and stearate give a general 
idea of what is happening during the individual stages of the practical soap- 
boiling process; boiling, fitting, setling, and graining. Until the discovery of 
the kettle wax phase, the phenomena of soap-boiling processes were explained 
as occurring in equilibria between isotropic liquids (niger and lye), aniso- 
tropic, or liquid crystalline solutions (neat soap and middle soap) and crystal- 
line substance (curd) only. 

The new diagrams show that there are connecting tie-lines between the 
homogeneous neat and niger region, especially in the low salt concentration 
area. Saponification, fitting, and settling can be explained, therefore, by 
equilibria existing between these phases. The facts that no tie-lines at all 
exist between curd and lye with sodium laurate, and sodium stearate is only 
connected with lyes of high concentration, gives evidence that the conception 
of salting-out the curd on lye was based on a false assumption and that, in 
fact, whenever sodium laurate or a mixture containing sodium laurate is 
salted-out the system kettle wax - on lye is produced. The position is similar 
with sodium stearate where the kettle wax island is likewise almost engulfed 
by the heterogeneous phase of kettle wax—on lye. But in this case there are, 
in the other part of the diagram at least, some tie-lines connecting curd with 
highly concentrated salt solutions, thus allowing the formation of systems of 
curd on concentrated lye. 

The discovery of the kettle wax island again furnishes a very interesting in- 
direct demonstration of the validity of the phase rule and the phase diagram 
for all soap systems. It was always assumed that the homogeneous phase 
formed when salting-out to curd is the same phase as soapboiler’s neat soap. 
The results of analytical determinations on samples from the soap layer in 
the grained-out condition of palm oil, soybean, and tal.ow soaps were all 
found to be too high in salt content to fit within the soapboiler’s neat soap 
boundary and too low in soap content to be identical with curd as shown 
by the old phase diagrams. When looking at the diagram of sodium laurate as 
it was given in 1939 (Fig. IV-11). the area which is now occupied by the 
kettle wax island was meant to be the area of two- and three-phase heterogene- 
ous systems. Therefore, it was not comprehensible at that time that the rela- 
tively low soap- and high salt-containing systems produced by graining out, 
and which could be neither neat soap nor curd, should nevertheless be a 
homogeneous system. 

Since kettle wax was unknown at that time, this high salt content was 
assumed to be caused by the fact that the glycerine of the charge was still 
present in the system when the samples were taken. It ean be eoneluded to- 
day, however, that the contradictions were due to the existence of kettle wax, 
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During graining-out, the salt and water content is higher than in any other 
step, and they are actually in the range of kettle wax existence. The opera- 
tions following in the sequence of the soap-boiling process (boiling, fitting, 
and settling) are all within the region of neat soap —niger equilibrium, and 
the results from analyses on samples taken from these stages fit into the phase 
diagram. 


(7) Solubility of Various Soaps in Salt Solutions 
as Seen from the Phase Diagrams 


(A) THe Area or Isotropic SOLUTION 


We will now consider only that part of the phase diagram which shows the 
boundary between homogencous isotropic solution from one side, and curd, 
middle soap, soapboiler’s neat soap, superneat soap, etc. from the other side. 

It is obvious that the size of the area of the homogeneous isotropic solu- 
tion can be taken as a measure for the solubility of a certain individual soap 
in salt solutions. Every point outside this area will represent either soap 
belonging to another homogeneous phase or a mixture of separated phases 
about to separate into layers. Figs. 1V-14 and IV-15 show such sections from 
phase diagrams of sodium stearate and of some other individual soaps. 

The first thing we can determine from these diagrams is that the area of 
homogeneous isotropic solution increases with rising temperature. Sodium 
oleate is more soluble in salt solution than sodium stearate. 

The size of the enclosed area in Fig. [V-15 clearly demonstrates the big 
difference in the solubility of the various soaps in pure water and also in salt 
solutions of varying strength. The values at the vertical axis give the solubil- 
ity of the various soaps in salt-free water. It is interesting to note that the 
highest solubility is not in all cases obtained in salt-free water. 


(B) Composition OF THE NIGER 


The isotropic soap solution existing at 90°C. in the soap kettle is identical 
with what is called “niger” industrially. The boundary of the enclosed black 
area will consequently represent the composition of the niger at varying con- 
centrations for the soaps being considered. 

The diagram fur godium stearate (Fig. 1V-14) demoustrates, for cxample, 
that a low salt addition (1.5% ) extends the area of the homogeneous isotropic 
liquid. Following the boundary curve, we observe that the more salt is added, 
the smaller becomes the quantity of dissolved soap in the niger. At the 
maximum of 2.8% salt in the niger, we reach the “Bay” region. in which the 
niger is separated into two liquid layers, one containing much more soap than 
the other, but not differing greatly in salt content. The lower part of the 
isotropic solution extends into a region in which almost no soap is present 
and in which the separated layers consequently must be the “lye.” 
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(8) The Phase Rule in Mixed Soap Systems 


Commercial soap contains, as a rule, a mixture of sodium salts of high and 
low molecular weight fatty acids. The phase rule diagrams of sodium laurate 
differ considerably from diagrams of soap of other fatty acids. These differ- 
ences are especially very marked when comparing the region of the niger 
boundaries for different individual soaps. 

It was important, from a practical point of view, to establish in which 
manner the presence of sodium laurate would influence the phase behavior of 
a high molecular saturated soap. Such mixtures prevail in nearly all tech- 
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Fig. IV-14. Boundaries enclosing homogeneous 
isotropic soap solutions which contain sodium ste- 
arate—water-salt, at 80 and 150°C., respective:y.‘§ 


nical soaps. In order to investigate this problem, the boundaries of the 
isotropic liquid with mixtures of sodium palmitate and sodium laurate have 
been studied.°° 

The conclusion which may be drawn from these experiments is that cor- 
responding phase boundaries occur nearer to the value of pure sodium laurate 
than to pure sodium palmitate. This effect is due to interference of the shorter 
sodium laurate molecule with the degree of regularity of the sodium palmitate 
micelles. In the words of the author, mixed micelles of smaller size, less 


50 J, W. McBain, R. D. Vold, and W. T. Jameson, J. Am. Chem. Soc., 61, 30 (1939). 
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orientation, and greater solubility must be produced by the occurrence of the 
shorter laurate molecules among the longer homologs, which is an example of 


mutual solubilization. 
Means have been worked out to calculate the additional salt concentration 


necessary to add to that required by the phase diagram of pure sodium palmi- 
tate in order to obtain the corresponding phase boundary when a mixture of 
sodium palmitate and sodium laurate is present. 


K oleate 


% Soap 


Fig. IV-15. The boundary of isotropic solutions of various soaps 
containing added sodium or potassium chloride at 90°C.4" 


(9) Influence of Alkaline Electrolytes on the 
Phase Behavior of Soap 


Recently, a technically important phase study was published®®* in which 
the boundaries of the isotropic solutions for a number of mixtures of a com- 
mercial soap with various alkaline builders were investigated. 


50a R, C, Merrill, Ind. Eng. Chem., 39, 158 (1947), 
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The commercial soap had the following characteristics: average mole- 
cular weight of fatty acids, 273; iodine value, 48.4; 0.62% NaCl; 0.046% 
excess Na,0 on dry basis. 

The following conclusions are drawn by the author from these experi- 
mental data. 

The data given show that the salting-out of soaps by these electrolytes, 
some of which are alkaline as well as colloidal, is a compleie process. All elec- 
trolytes do not behave in the same way, even on a molecular basis. The salt- 
ing-out of nonassociated electrolytes of low molecular weight involves a reduc- 
tion in the amount of water which acts as a solvent, because of hydration of 
the added ions. The salting-out of soap solutions is complicated by the exist- 
ence in them of complex equilibria between free ions and various types and 
sizes of ion aggregates and micelles, The addition of salis is believed to in- 
crease the proportion and size of micelles until they link together and precipi- 
tate. Because of the presence of neutral molecules in the average micelle, the 
added salt may be incorporated in it and affect the equilibria involved. The 
effect of added salts on micelle formation, which can be very specific because 
of steric and other factors, is probably more important in determining its 
effect on soap solutions than is hydration of added ions. 

The unusually small solubility of soap in Calgon solutions suggests some 
sort of complex formation. Complexes with soap could also be formed by the 
colloidal silicates. This may explain the decreased effect, on a molecular 
basis, of the silicates of higher 5i0./Na.0 ratio in salting-out soap solutions 
containing less than 20% soap. Another factor which may be involved is 
fractionation of the siliceous silicates. The salting-out of soap solutions is 
also complicated by the multiplicity of crystalline and liquid—crystalline phases 
which aqueous soap systems form at various concentrations and temperatures. 

In spite of the complexity of the subject, sufficient regularities exist so 
that the data can be used to predict phase diagrams for other soaps and concen- 
trations. The regions of existence of isotropic solutions for other soaps in 
the presence of all these electrolytes should be predictable to a fairly accurate 
degree if this part of their diagram is known with any one salt. Phase 
diagrams at higher soap concentrations for this and otier soaps can also 
be predicted from these data, although with less certainty One of the prac- 
tical industrial applications of such work is to predict the amounts of various 
builders which will dissolve in soaps at crutching temperatures. 
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CHAPTER V 


THE PHASE RULE IN PRACTICAL 
SOAP-BOILING EQUILIBRIA 


(1) Merklen’s Practical Conception of the Phase Rule 
(A) THE System Curp on LyzE anp Neat Soap Serriep on NIGER 


The first to investigate and to try to understand what actually happens in 
the soap kettle and to consider these processes as equilibria between phases 
was Francois Merklen of Marseille.*1 In his classical description of the soap- 
boiling and forming processes, the theory was expressed, for the first time, 
that the various layers in the kettle may be regarded as inaependent phases 
in equilibrium. 

After the oil has been completely saponified, the soap will be thrown out 
from its solution by salt or, as it is commonly termed, the soap will be salted- 
out. The mass floating as an upper layer on the lye is called curd and after 
it had settled the lye will be withdrawn from beneath. To the curd, which had 
been retained in the pan, a new, more concentrated salt containing soda lye is 
added, this lye being called the strong lye. Thereupon the entire contents of 
the pan is boiled, and it will be observed that, after a certain period of boil- 
ing, an equilibrium is set up between the soap curd and the strong lye at 
boiling temperature. The composition of the curd is dependent on the lye con- 
centration, as it may be proved by analyses at the termination of the boiling. 

At this point Merklen goes on with his explanation the operator starts 
to reduce the concentration of the strong lye by gradual dilution with water 
while keeping the mass continuously boiling. After each addition of water, 
anew equilibrium will be scl up between the two layers: soap and lye. While, 


51 F, Merklen, Etude sur la constitution de savon du commerce, Marseille, 1906; 
through the German edition by F. Goldschmidt, Halle, 1907. 
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in the course of this procedure, the lye becomes gradually more diluted, a con- 
centration of the lye will eventually be obtained at which some soap will 
begin to dissolve in the lye. This lye concentration is a characteristic figure 
for each kind of soap; this characteristic lye concentration. which is thresh- 
old concentration of soap solubility, will be termed in all our future discus- 
sions the lye limit concentration (L.L.C.). 

Continuing the process, more and more water is added and gradually more 
soap is dissolved by the lye. The original curd, which had been in equilibrium 
with the undiluted strong lye, has a granular appearance. The granules are 
distinctly separate from each other, As the concentration of the lye decreases, 
the small grains of the curd gradually begin to swell, their interfaces become 
less and less distinguishable, and finally they become united in one homog- 
eneous mass or solution. As this point is reached the lye will have dissolved 
a considerable proportion of the soap and the condition commonly termed as 
fisted is attained. The pan contents is given a period of rest. 

After settling, the upper layer represents commercial soap. The layer 
beneath consists of an alkaline salt solution saturated with soap, and which 
is called in the language of the soapmaker, the niger. 

The two liquid phases, soap and niger, are in equilibrium at boiling tem- 
peratures. These two liquid phases may be fully united to form a single phase. 
In order to reach this stage, the pan contents must be boiled and sufficient 
water added gradually. After the addition of each portion of water, the 
upper layer will have diminished in volume and the niger gradually increased. 
At a certain concentration, there will be no upper layer left, and there only one 
phase will be present. At this stage the separated system will be “closed” 
again. 

The one-phase system may be separated again into two phases by the ad- 
dition of an electrolyte, e.g., caustic soda or salt. 

Merklen regarded the system “soap—niger’’ as composed of three compo- 
nents (water, soap, and caustic soda) and made up of two phases. He did not 
take into consideration the vapor phase and, consequently, considered the sys- 
tem as tri-variant (three degrees of freedom); he concluded that for any 
fixed pressure and temperature the compositions of both phases are dependent 
only on the quantitative relation of the components present (soap, water, elec- 
irolyte). The composition of the two phases in equilibrium will be completely 
fixed, in his opinion, when in addition to the freedoms—pressure and tempera- 


ture—a third factor is fixed as well. As a third factor, Merklen chose the 
concentration of one component the lye. 


Pressure, in soap-boiling routine, is actually fixed by atmospheric condi- 
tion, and so is the temperature. Consequently, at a fixed lye concentration the 
composition of the whole system is fully determined. In other words, when 
carrying out the fitting operation in such a way that the niger contains the 
same amount of electrolytes at the end of the fitting operation, it is possible to 
obtain successive batches in which both phases—soap and niger-—have identi- 
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cal compositions, that is, the soap contents in all soap layers and in all niger 
layers are practically identical. 

However, it should be borne in mind that practical soap systems are act- 
ually much more complicated, for they are made up of more than three com- 
ponents (soap, water, caustic soda, salt, soda ash, and glycerine), and this 
probably accounts for the fact that commercial soap always shows consider- 
able variations in composition. 


(B) Lyre Liurr anp Firrinc Lyk CONCENTRATIONS 


From Merklen’s point of view, the composition of the fitted and settled soap 
depends on (/) the nature and colloid structure of the particular soap, which 
in turn depends on the fat composition, (2) temperature, and (3) composition 
of the niger. 

According to (1), “lye limit concentrations” vary considerably; as a re- 
sult of (2) the fitted and settled soap in most cases still separates some liquid 
upon cooling; and (3) the niger separates some alkali and salt containing 
lye as well. The concentration of this lye separated from the niger is another 
characteristic, this time for fitted soap, just as the lye limit concentration must 
be considered as a characteristic figure for grained soaps or lye. This charac- 
teristic lye concentration is termed by Merklen the fitting lye concentration 
(ECs 

For the complete understanding of these two terms, we may add that when 
the lye reaches the L.L.C. the soap will be completely salted-out, and the lye 
will not contain any soap. However, when only a smaller quantity of elec- 
trolyte ‘salt plus soda plus soda ash) is added, the lye will still contain a cer- 
tain amount of soap and the soap layer will eventually be considered as perfect 
neat soap. It is this particular equilibrium which Merklen wanted to charac- 
terize by the F.L.C. for each soap composition. It should be stressed here 
that the F.L.C. is not the electrolyte concentration in the niger as such, but 
rather in that part of the niger which separates from it as lye on cooling. 

In Table V-1 data for L.L.C. and F.L.C. are presented which show that 


there is only a small difference between both for any individual soap.*? 


TABLE V-1 
Lye Limrr Concintration (L.L.C.) anp Firtinc-Lye ConcaNtTration 
(F.L.C.) or Soaps®] 


Tata F.LC. 
Soap 

ft °Be Gs °Be = 
Sesame oil 9 20 eo 23 
Poppyseed oil 8.5 23) mi 26 
Lard 7.75 29 6.75 Pai 
Olive oil foots 14 28 12.25 25 
Coconut-groundnut oil 22 16 18,25 14 


52 [bid., p. 58, 
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TABLE V-2. Data From Expertments oF Merguen®? (Ant Fieures in per Cent) 
Strong lye Related soap Limit lye 
Source of soap re s 5 = 
an >) : =e] d ee 3 g 
I ro] ° =) S 4 i) o x; 7 
2 = reo h eat = o eZ Zz td 
Sesame oil 1.92 3.6 1.89 5.96 
Olive oil, , 
rancid 3.02 10.4 1.19 12.63 35.3 0.4 1.72 62.58 1.7 5.8 0.76 711 
Poppyseed oil se . 
(molten) 2.36 15.4 1.4 16.42 27 0.18 1.16- 2.61 4 1.40 6.76 
Poppyseed oil ‘7.6 16.6 1.73 22.82 23.6 0.67 13 74.43 1.83 4.05 0.86 4.77 
Lard 6.68 °16.2 3.78 22.57 24.6 0.77 1.42 73 1.53 3.75 1.04 5,28 
without NaCl 9.88 1.65 8.42 15.29 30.5 1.64 0.15 67.0 3.92 0.66 3.56 6.27 
Lallow 7.84 14.1 3.08 21.49 26.2 0.93 1.26 71.0° 2.17 4.0 1.03 6.13 
Linseed oil 8.58 12.2 4.32 21.18 2538 0.85 107 72° 255 38 ‘LA 6.53 
Olive oil foots 3.26 15.65 2.38 17.98 31.42 0.73 2,18 65.72 2.67 9.3 1.87 11.64 
Saponification 
_olein : 2.98 4.4 1.46 YRS 
‘ with glycer- 
ine 262, 5:5. BIO 7.98 
Saponification 
stearine 8.24 7.5 4.48 16.86 = 2m Gla WA 5.46 
Cotton oil 984 7 4,97 18.28 26.6 0.73 0.61 72 = — —_ 


Groundnut oil 10.13 7 © 5.18 18.67 26.7 0.93 0.68 71 2602 178 5.84 
Castor and 
rapeseed oils 13.38 3.2 2.48 17.33 


Coconut and 
groundnut oil 9.34 1.2 10.64 15.43 


Coconut oil 2.57 22.05 0.38 21.95 


* Reduced concentration. 
Calculated from the data of Ubbelohde and Rickert.55 


Merklen was probably the first practical investigator to try to establish 
the interdependence of the composition in fitted and settled soaps and in the 
niger. He carried out practical boiling experiments on a 200-lb. scale, which 
included fitting, settling, and analysis of the soap layer and the lye which sep- 
arated from the niger on cooling. Unfortunately the quantitative relation be- 
tween the two phases after separation were not recorded. 


(C) MERKLEN’s EXPERIMENTS 


Table V-2 contains a summary of Merklen’s soap-boiling experiments.** 
Each individual soap and the related lye were analyzed at several consecutive 
stages and recorded as follows: (1) analysis of the strong lye; (2) analysis of 
the soap curd in equilibrium with the strong lye; (3) L.L.C. of the individual 
soap reduced to terms of caustic soda; (4) as discussed in section (d) below; 
analysis of the lye at the L.L.C.; (5) analysis of the soaps in equilibrium with 


53 F. Merklen, /. c., a summary of the results of his experiments as tabulated hy E. L. 
Lederer in Kolloidchemie der Seifen, p. 288. 
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TABLE Y-2 (continued) 


Related soap Fitting iye Related soap 
Source of soap E : Z 
at -- es o S fon] 2. 7 
=. 2 2 I 5 = ° ° =) FS 
= Zz roe, = Z = z = el a aes <= 
Sesame oil 155) 92:8 WS) 47, 37205 012 O25 eeG2ioc: 
Olive oil, 
rancid 139 5.0 0.65 6.05 44.41) 0.16 0.83 54.6 
Poppyseed oil 
(molten) _.. —_ — 135 3.2 10:93 4:5" 36:54, |) 0.15, 10:21 16316 
Poppyseed oil 1.04 3.8 0.86 5.36 —- — — 
Ibewgel . 137 34 0.9 4.76 4.6 | 0.15 0.23 65,02 
without NaCl - 2.94 0.5 2.81 4.71 35.5 0.46 0.02 64.02 
Tallow : 1.87 3.4 0.86 5.24 36.1 | 0.25 0.29 63.6 
Linseed oil 2.045 2:8 1.15 5,02) 35:58 900:2 90:2 64.02 
Olive oil foots -_ 2.21 7.9 1.51 9.81 33.56 0.32 0.66 65.46 
Saponification 
olein __ _- — 212 3.3 119 5.55 34.31) 0.16 0.18 “65:35 
“ with glycer- 
Se see eee —_- — — 1.95 42 0.97t 6.06 31.13 0.14 0.18 67.05: 
Saponification 
stearine - 50.48 0.87 0.65 48 — 
Cotton oil 2.94 12 13 4.6 35.58 0.32 0.06 64.04 
Groundnut oil 245 1.5 14 441 36.1 0.32 0.06 63.52 
Castor and 
rapeseed oils 3.92 2.85 0.97 6.86 34.37 0.41 0.22 65.0 


Coconut and 
groundnut oil = 7.60 0.9 8.64 12.48 30.68 0.64 — 68.68 
Coconut oii 32.06 0.24 155 65.75 — — —~— — — = eos 


+ Contains 8.7% glycerine. 
Contains 1.5% glycerine. 


L.L.C.; (6) F.L.C. of the individual soaps reduced to terms of caustic soda; 
(7) analysis of the lye at the F.L.C.; and (8) analysis of the fitted soap. 


(D) Tue “REDUCED” CONCENTRATION 


The experiments of Merklen disclosed that the L.L.C. may be produced not 
only by lyes containing mixtures, but also by individual electrolytes. It could 
be observed, however, that the various electrolytes exert salting-out actions 


TABLE Y-3 TABLE YV-4 
RELATED ELECTROLYTE CONCENTRATION Reiarep ELecrroLyTE CONCENTRATION 
(1N PER Cent) GIVEN BY UBBELOHDE (In PER CENT) GIvEN BY McBain 
AND RicHerts5 AND Prrrer54 
NaOH NaCl Na,CO, NaOH NaCl Na,CO, 
] 1.15, 2-00 i ipa 1.96 
0.87 1 1.835 


0.473 0.544 it 
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quite different in degree. Comparisons between the salting-out efficiency of 
various electrolytes were made by McBain and Pitter**.and by Ubbelohde and 
Rickert.*° Taking the concentration of NaOH necessary for reaching grain- 
ing effect as a unit, the concentration of the other electrolytes required for pro- 
ducing the same effect may be expressed in relation to NaOH. In this way, 
the concentration of each electrolyte may be converted into terms of equivalent 
NaOH concentration. 

Electrolyte mixtures behave like an individual electrolyte whose graining- 
out efficiency will be somewhere between the efficiency of its components. The 
“reduced” concentration of the mixture containing 3.02% NaOH, 10.4% NaCl, 
and 1.19% Na,CO; may be calculated as follows: 


292 10.4 1.19 


j ats a 12.63 (in terms of NaOH) 


TABLE V-5 
Lye Limir CoNncENTRATIONS 


\ Expressed as 


Oil NaOH NaCl 
Merklen Bontoux®™* Merklen Bontoux” 
Linseea 6.53 5.9 7.89 6 
Sunflower 7.6 5) 
ReyDean) seam Ae ce — 5.6 6 
Corn 4.6 5 
Cotton 53 6.9 5:5 
Sesame oe. 6.8 55) 
Rapeseed _ 3.6 4.8 3.5 
Peanut % 4.9 6.7 5D 
Olive oil foots tno 14.0 6 
= 4.6 5 
4.9 5 
Shea butter 4.0 4.5 
Palm . 4.9 5 
~— ul 
Lard Bio: 6) 6 
Tallow 6.13 4.6 7a 5 
Coconut a a: 17.7 25.09 20 
Palm kernel 13 
Poppyseed 6.8 — 
Castor J 32.8 
Coconut : peanut (1 : 1) 21.8 


54 J, W. McBain and Pitter, J. Chem. Soc. London, 127, 893 (1926). 

®5 L.. Ubbelohde and Richert, Thesis, Karlsruhe, 1911. 

55a BL. Lederer, Kolloidchemie der Seifen, Steinkopff, Dresden and Leipzig, 1932, 
p. 278. 
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(2) The 66% Rule 


(A) In Curp on LYE SYSTEMS 


In the course of analytical investigation of curds and of the corresponding 
lyes in the normal phase regions of “curd on lye,” and of “neat fitted on 
niger,” Wigner: found that there is a well-defined relationship between the 
percentage of salt in the curd, the percentage of salt in the lye, and the contents 
of the curd in fatty acids. He derived the following mathematical expression 
for this relationship: 


This means that when the salt contents of the lve in equilibrium with the curd 
and the salt contents of the curd itself are known by analytical determination 
the fatty acid content of the curd can be calculated. However, the value of 
the constant K = 1.515 had to be established by experiment, and the way in 
which this has been done can be seen from the analytical material furnished 


in Table V-6, 


TABLE V-6 


Data on THE 66% Rue In “Curp on Ly” Systems5? 


FA in curd NaCi in lye ™~ Clin soap : FA in sali-free Free soln. in Expt 
(found (found (found K (caic.)* soap hydrate 100 parts No . 

anal.), anal.), anal.), CT Ibe soap? 
53.7 Cae 1.76 152 66.0 18.7 if 
O20 9.1 1.87 1.52 65.9 20.8 2 
54.0 9.0 1.44 1.538 65.0 a ez os 
57.8 8.8 1.10 1.503 66.0 12.4 4 
56.0 8.7 30 134 66.1 Hee 5 
Doe 9.1 1.69 52 65.7 19.0 6 
Deel 8.2 1.17 38 66.6 13.5 af 
57.8 9.4 Lall7A 1.42 66.0 12.5 8 
58.0 9.1 dMeM74 1.50 66.2 122 9 
56.7 9.2 1.34 1.505 66.3 14.0 10 

14.7 9.6 1.68 Lol 66.3 dircil il 
100 xX % NaClin curd 
. % NaClinlye , 
' K = 100— 


 %FAincurd 
% FAG : 
° tree solution in 10U parts soap = 100 — di PA in curd x00 - 


On the assumption that his formula is valid for salt-free curd as well, 


56J. H. Wisner, Soap Manufacture. The Chemical Processes, Chem. Publishing 
Co., New York, 1940, 


57 J. H. Wigner, /.c., p. 40, with some additional data of the authors, 
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Wigner calculated that such a salt-free curd must contain 66% fatty acids. 
This is easy to derive from the first formula produced when the percentage 
of salt in curd is zero. In this case, the whole formula is reduced to: 


FA in curd = 100/1,515 = 66 


The results of this calculation led Wiener to regard soaps which are in 
equilibrium with their lyes as a mixture of two components. One compo- 
nent is always an electrolyte-free soap hydrate invariably containing 66% 
fatty acids, and the other component is a certain quantity of “entangled lye” 
(entrained lye) or “free solution” containing the entire amount of electrolytes 
present in the soap. 


“A soap curd may be regarded as consisting of soap hydrate containing 66 per cent 
of fatty acids and lye identical in composition to that from which it has separated.” 


Wigner adds that it is quite immaterial for the purposes to which the rule 
is applied whether the whole of the lye is mechanically separable or whether a 
small fraction does form a homogeneous mixture with the true soap hydrate. 

In accordance with this concept, curd No. 1 in Table V-6 with 53.7% 
fatty acids and 1.76% NaCl would be composed of 81.3% of 66% soap hy- 
drate and 18.7% of “free solution” containing 9.5% salt, It can be seen from 
the table that the curd was grained out from a solution containing 9.5% salt. 

The 66% rule also means, when exploring its possibilities in the neat 
soap —niger systems, that for any value of salt in free solution and of salt 
in the settled soap there is only one value of per cent fatty acids in the same 
settled soap. 

In Wigner’s opinion the rule is found to hold good in any condition that 
may occur in the course of a normal boil of soap. However, it must be borne 
in mind that different values have to be given to the various electrolytes, de- 
pending on the activity with which they affect the graining-out of soap. (See 
Section 1.) 

In systems “‘fitted and settled on niger,” Wigner offers a definition different 
from that put forward for curd. He states that such soap is probably “a soap 
hydrate of a composition which varies according to the concentration of salt 
in the free solution, always containing more water than the hypothetical 66 per 
cent hydrate, and containing a small amount of salt which increases with the 
increase in the degree of hydration.” 

Nevertheless, the 66°. rule is valid for fitted and settled neat soap on niger 
as well, and this has been shown experimentally by Wigner. Applying the 
same method in recording Merklen’s classical experiments, we shall now quote 
Wigner in explaining his concept of the fitting-out procedure. 


-~«_ “A knowledge of the nature of the soap curd makes it easy to understand what hap- 
pens in the operation of fitting. The curd is boiled up with water and, as soon as the 
percentage of salt in free solution is reduced below a certain limit, it will begin to dis- 
solve soap. If the operation is stopped at this stage, the contents of the pan will settle 
into two layers, the lower layer now consisting of a weak solution of soap in the free 
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solution. After each further addition of water, the free solution becomes further diluted, 
and it becomes capable of dissolving more and more soap. The successive stages are 
what are known as coarse, medium, and fine fits, respectively, though these phases have 
no exact significance, but merely denote roughly the appearance of the soap when sub- 
mitted to the usual test on the trowel. During these stages, the solution, which will form 
the lower layer, otherwise the niger, dissolves more and more of the soap from the upper 
layer and thus diminishes the amount of neat soap, which is the main product. At the 
same time, the composition of the latter also undergoes changes, The neat soap from 
the coarsest fit, apart from certain exceptional cases, has a high fatty acid percentage, 
often well over 63%, but this slowly diminishes through the successive stages of increased 
dilution of the free solution. In ordinary soap pans these changes cannot be continued 
indefinitely, as the settling into two layers becomes slower and slower, the more the free 
solution is diluted and, in practice, it is found that a limit is reached when the neat soap 
contains about 60% of fatty acid [compare with Kawakami’s investigation in Section 4]. 
The fatty acid content of the niger corresponding to this varies somewhat according to 
the mixture of fats employed, but is usually rather above 40 per cent.” 


(B) APPLICATION OF THE 6690 RULE TO THE STUDY OF 
PrAcTIcAL Soap-BoiLinc SYSTEMS 


In accordance with this description, it must be possible, within limits, to 
fit a soap to any fatty acid content (or, as it is called, to any required “test”) 
by regulating the salt content in the free solution by the addition of water. 
The percentage of free salt in solution necessary to obtain a certain type of fit 
varies, however, considerably according to the nature of the soap charge; the 
more soluble the soap the higher will be the percentage of salt required. In 
order to establish exact figures showing the interrelationship between salt in 
free solution, fatty acid and salt content in the neat soap, and fatty acid con- 
tent in the niger, small scale or laboratory boils (Vol. li) should be made for 
each new soap charge and, the results of the determinations should be tabulated 
and plotted as a suitable graph. The analytical result of such an investiga- 
tion may be exploited as follows: The determination of fatty acids and salt 
in the neat soap and in the niger is simple enough after the layers have sep- 
arated; the salt content in the free solution can be calculated when the total 
salt contents in the pan are known and the quantity of the free solution has 
been calculated from the total fatty acid content of the pan. This, in turn, is 
quite simple, when the whole operation from the beginning has been con- 
ducted with a thorough knowledge of the quantities of material involved. We 
are generally able to know the composition of the curd in the kettle before 
fitting is started. The quantity of the free solution then is {see Table V-6): 


% FA in total pan content x 100 


(te 
100 6b 


and: 


u ane, 160 » salt i it 
e NaCl in tree soiution = rae En nee 
FA in total pan content X 100 
hs 66 
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The quantity of salt in free solution can then be recorded from the begin- 
ing of the operation, when the weight of the curd at the start and the quantities 
of water added gradually for fitting are known. The quantity of free solution 
can be calculated at the beginning together with the salt concentration. The 
water added then goes exclusively to increase the free solution and to decrease 
the concentration of salt in it. 

An example of the results obtained on an experimental boil which has been 
fitted very coarsely and then gradually changed into a finer condition by the 
addition of measured amounts of water is given in Table V-7. According to 
Wigner, this soap was made from an easily soluble fat charge. 


TABLE \V-7 


Data INVOLVING THE 66% RuLe IN THE SOAP System FITTED AND SETTLED ON NIGER®8 


Sample N acid ae Neat FA, % Soap NaCl, % pets Type of fit 
1 11.0 63.2 0.47. il Coarse 
2 10.9 63.35 0.435 1.2 
3 10.7 63.3 0.425 3.5 
4 10.3 63.2 0.435 9.6 
° 10.25 63.2 0.44 8.6 Medium 
6 9.3 62.8 0.445 24.0 % 7 
7 8:25) 62.35 0.45 32.6 
8 7.85 61.85 0.48 36,2 
9 7.55 61.3 0.53 37.2 

10 7.29 60.85 0.55 39.3 Fine 


The figures in Table V-7 can be plotted as “salt in free solution” against 
“fatty acids in neat soap” and “fatty acids in niger,” and by use of the curves 
obtained we can determine the “salt in free solution” concentration required 
for any type of fit or, what is the same, for any fatty acid content required in 
the neat soap. ‘These curves are given in Fig. V-1. 

Actually, this is the most practical method for studying accurately the 
properties of a fat charge in the laboratory. There are not many fat charges 
in use at one time in one factory. It is a good routine to make one series of 
experimental boils with each fat charge, and to work out the corresponding 
curves as shown in Fig. V-1. Let us consider the curve “fatty acid contents” 
against “‘salt in free solution” in Fig. V-1. Neat soap of any fatty acid con- 
tent between 60 and 63 can be produced when the salt concentration of the 
free solution is changed within the limits of 7 to 11%. It can be seen that 
the fatty acid content of the niger would decrease, at the same time, from about 
40% to almost zero. This is one of the most valuable pieces of informa- 
tion the soapmaker can obtain, and it gives him the means of adjusting his 


58 J. H. Wigner, l.c., p. 87. 
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fitting condition for obtaining neat soap of any of the whole range of possible 
fatty acid concentrations. 

It is known that a coarse fit results in a large layer of neat containing 
more fatty acids than a fine fit, which, in turn, produces a large quantity of 
soap dissolved in the niger, and a small layer of neat soap which also contains 
less fatty acids. The problem of good pan yields, the elimination of dark 
nigers, and the production of a neat soap with low salt content and of good con- 
sistency are the biggest problems of the soapmaker. It is therefore of great 
interest that Wigner’s 66‘. rule gives a glimpse into the quantitative aspects 
of neat—niger separation and even provides the means for regulating the 


process. 


% F.A. in neat 


% NaCl in free soln. 


Fig. V-l. Diagram showing relation between fatty acid con- 
tent in neat or niger and salt content in free solution.*? 


The amount of niger as a fraction of the whole mass -n the pan can be cal- 
culated when the contents of fatty acids are known for (a) the total mass, (b) 
the resulting neat soap, and (c) the niger. This amount can be calculated 
from: 

FA in neat soap % FA in total mass 
% FA in neat soap — rA in niger 


7 


Amount of niger =~ 


The following quantitative investigation was carried out by fitting a curd 
of the same fat charge as investigated in Table V-8 conta ning 55% fatty acid, 
1.45% salt, and 12% salt in the free solution. In this case, the curd just 
described was diluted in seven consecutive stages and the percentages of salt 
in free solution calculated for the respective stages. The corresponding values 
for per cent fatty acid in the neat soap and in the niger were deducted from 
the chart in Fig. V-1 by drawing the vertical line for each value of “NaCl in 


100 A. THEORETICAL PRINCIPLES 


free solution.” The percentage of niger in the total mass was then calculated 
by using the formula in this section. The results are given in Table V-8. 

The table illustrates almost everything that may be of interest for the 
soapmaker in connection with the fitting process as outlined by Wigner and his 
66% rule. As more and more water is added gradually to the curd, the amount 
of free solution increases. The amount of fatty acid in the total mass of 
curd diminishes, and so does the percentage of salt. The percentage 
of salt in the free solution diminishes as well and, at the same time, the 
coarse fit, as shown on the trowel, changes gradually into a finer one. This is 
accompanied by a steady growth of the lower layer and by an increasing por- 
tion of the total fatty acids being dissolved in the niger. The ever diminishing 
layer of neat soap becomes, in the meantime, gradually less concentrated in 
regard to fatty acids. 


TABLE V-8 


Fittinc Staces BEGINNING wiTH A Curp witH 58% FA, 1.45% Sarr in Totat Mass, 
12% Free SoLution, anp 12% Satur in THE Free SoLurTion®? 


Free 


FA in total as in FAinneat FA in Niger in Total FA Type of NaCl in to- soln. in 
mass, % Bee soap, % niger, Yo CO ae weer « fit tal mass, % total 
soln., % mass, % do mass, Yo 
56.35 9.65 63 18.5 152 4.8 Coarse 1,41 15 
BoD 8.75 62.5 28.5 20.0 9.9 1.39 16.6 
54.88 8.15 62 33.5 20.2 14.6 des 7 17.8 
54,34 7.70 615 36.5 28.8 18.1 Medium 1.35 18.85 
53.89 1.30 61 38.5 32.0 Paes 1.34 19.75 
53.55 7.10 60.5 40.3 34.4, 24.0 1.331 20.4 
53.18 6.85 60 ALS 36.8 26.4. Fine iE} 212 


Never throughout the discussions of the results of hig interesting experi- 
ments and of the 66% rule derived therefrom does Wigner mention the phase 
rule, But it must be clear that when the validity of the 66‘% rule will finally 
be proved this will have to be done on the basis of the phase rule. It appears 
to us that Wigner’s main purpose, to provide a working hypothesis for easy 
calculation in experimental and practical soapboiling, was achieved. It 
will be seen in later chapters ‘cf. Volume II) how easy it becomes to ex- 
periment with various fat charges, to change boiling conditions at will and to 
obtain predetermined results. Wigner’s conception of a soap as composed 
of two components, the one the pure and “electrolyte free soap hydrate con- 
taining 66° fatty acid,” and the other, the “free solution containing the total 
amount of electrolytes present in the soap,” makes it comparatively easy to 
conduct the soapmaking process in a rational and quantitative manner. 


59 J. H. Wigner, /.c., p. 94, with some additional data of the authors. 
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(3) The “Limited Fitting Concentration” 


In Merklen’s nomenclature, the lye limit concentration (L.L.C.) was the 
minimum salt concentration in the lye at which the lye when in equilibrium 
with a soap layer did not dissolve any traces of soap. Y. Kawakami advanced 
another characteristic for the exact knowledge of the fitting process. He 
determined the salt concentration in relation to the total pan content which was 
the maximum electrolyte concentration at which the neat soap — niger system 
could still exist without the appearance of the third phase—the lye. 

His experiments were similar to those carried out by the McBain school for 
the determination of phase boundaries in ternary systems (Ch. IJ, 6a). The 


Fig. V-2. Phase volume in the system soap—water salt for a soap made from 
80 parts of beef tallow and 20 parts of coconut oil at nine different soap concen- 
trations.©° N.S., area of pure neat soap, N, of niger, L, of lye. Point x is L.F.C. 
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experiments of Kawakami may be called the synthetic determination of phase 
volume; they acquire special interest because they show the phase behavior of 
soap made from oils and oil mixtures occurring in the practical soapmaking 
process. The powdered soap samples were thoroughly mixed with the salt 
solutions and introduced into stoppered graduated hard-glass tubes, where 
they were allowed to settle in a thermostat at 98°C for 24-48 hours, and the 
volume of neat soap, niger, and lye in equilibrium measured. There were 
a series of determinations made on the (commercially) very important mixture 
of 80 parts of beef tallow and 20 parts of coconut oil. In Fig. V-2 the® 
phase volumes for soap mixtures at varying salt content in the three-compo- 
nent system soap—water-salt are shown for nine soap concentrations by plot- 
ting the phase volume percentages (vertical axis) against per cent of salt in 
the total mass. 


a =I = 
Bake 
100% 100% 
Tullow soap Coconut oll soap 


Fig, V-3. The L.F.C. for tallow -coconut oil-soap mixture in 
the system soap-water(] : ])-salt.° 


The limited fitting concentration will be found on the first vertical line 
that can be drawn without entering the area of “lye” when trying to do it by 
starting from the right and proceeding toward the left. From Fig. V-3 we 
can derive the L.F.C. for any possible composition between tallow and coco- 
nut oil-soap mixture at a soap concentration of 50‘ 

Fig. V-4 contains the results of measurements carried out with 13 different 
kinds of soap made from the most familiar oils and fats in practical oil boil- 
ing, all soaps having been investigated in 50% solution. 

When instead of salt caustic soda was used as electrolyte, it was taken into 
account by ihe equivalent reduction concentration of 1 NaOH for 1.15 NaCl. 


(4) Separation into Separate Layers of Niger from Neat Soap 


Even when the soap and salt concentration of the pan content has been 
regulated in such a way that, theoretically, the required type of fit should re- 


60 'Y. Kawakami, J. Soc. Chem. Ind. Japan, Suppl. 898B (1931). 
61 F, I. Better, Seifen Industrie Kalender, Delius, Berlin, 185 (1933). 
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100 


100 


No Soap 


1 Colza oil 

2 Hardened fish oil 

3 Hardened soybean oil 
4 Peanut oil 


> Soybean oil 

6 Chinese vegetable tallow 
7 Cottonseed oil (new) 

8 Cottonseed oil (old) 

9 Palm oil 

10 Lard 

11 Olive oil (old) 

12 Beef tallow 

13 Coconut oil 

14 Castor oil 


Vol. % of each phase 
S 


100. 


5 6 7 3 S if 2% I 


7 SEL 


Fig. V-4. Phase volumes in the system soap-water(1 : 1)-—salt (variable) 
with 14 different soaps.°° All soaps in 50% solution. 


sult, it does not follow that the quantity and composition of the layer after 
separation will actually correspond to what is expected by the operator, For 
at this stage of the operation everything depends on the ease, velocity, and 
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completeness with which the separation of the phases into layers takes place. 
It was shown on Ch. V, 2A that no separation at all takes place at certain soap 
concentrations because-—although the system had become heterogeneous and 
two phases, in the sense of the phase rule, are present—the separation into 
two layers is prevented by the viscosity of the mass (see Fig. V-5). This is 
why the soapmaker when arriving at the final stage of fitting must make cer- 
tain that the pan content possesses the desired degree of iluidity. 


Temperature 


Fig. V-5. Viscosity of neat soap at various temperatures.®* Ordinate, lime of 
falling of 1/2 steel ball through 5 cm. in seconds. 


The following experiments were made with a toilet soap charge consist- 
ing of beef tallow, coconut oil, and peanut oil (neutralization value of fatty 
acids 218, iodine value 39.9).°? The saponified, washed, and fitted soap was 
taken for settling experiments at a stage at which no settling occurred. 60-ce. 
samples were taken from the soap pan, poured into graduated Pyrex glass 
tubes with ground-glass stoppers, and introduced into a transparent thermo- 
stat held at a temperature of 98 —- 2°C. and the volume of the separated niger 


62 Y, Kawakami, /.c., 181B. 
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NaCl cone 
in Nipre 


Time of settling in hours 


Fig. V-6a. Separation coefficient 
and settling time for varying NaCl 
content in the niger.®t Ordinate, 
separation coefficient of niger, 


Time of settling in hours 


Fig. V-6b. Separation coeffi- 
cient for varying soap concen- 
trations.61 Ordinate, separa- 
tion coefficient of niger, o. 


was observed at specific time intervals. Table V-9 shows the result of these 
experiments. 
The value of these experiments lies in the mathematically defined rule which 


TABLE V-9 
VOLUME PER Cent or NIGER SEPARATED FROM Neat Soap®2 


Number of experiments 


Settling We ee ies re = 
time, hrs. 1 2 3 4 5 3 7 3 
1 15.0% 25.0% 17.0% 12.5% 26.0% 31.0% 15.0% 20.5% 
2 19.5 28.2 23.0 19.5 29.0 33.3 20.6 24.7 
4 210 29.5 24,2 21.6 32.0 34.2 aa Pell 
22.2 30.8 24.9 22.7 33.0 35.0 24.3 29.5 
10 22.7 32.0 25.3 23.2 33.2 35.9 24.5 30.2 
20 23.1 33.8 26.1 24.5 Ooi 36.5 24.7 32.2 
40 24,2 34.5 26.7 25.0 34.3 39.2 25.0 32.6 
COMPOSITION OF PAN CONTENT 
Fatty acid, % 51.0 47.7 54.03 50.64 49.18 47.87 51.80 A7.3 
NaCl, % 1,91 2,48 L71 1.80 Pale 2.26 2.07 2.18 
NaOH, % 0,34 0.51 0.30 0,24 0.30 0.38 0.19 0.31 
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can be derived. Let V denote the volume per cent of niger separated from 
the total mass after ¢ hours of settling, and a the volume of niger which would 
have settled on complete separation. Then the expression / /a x 100 denotes 
the separation coefficient of the niger. Table V-9 permits the graphic calcula- 
tion of the value of a for each case, and thus it is also possible to calculate the 
separation coefficient of the niger for each soap composition under investiga- 
tion and laid down in Table V-10 for five different time intervals, 

These results are given in Table V-10 and Figs. V-6a and 6b, which show 
the separation coefficient plotted against the time of settling in hours, clearly 
representing the fact that after the first 24 hours of rapid settling there follows 
a period of at least two days of slow setiling, even when temperature is kept 
constant. This does not apply to commercial work, even with large pans (see 


Chapter VI-2). 
TABLE V-10 
SePaRaTION CoxrFicient or NICER? 


ier Separation coefficient for settling time of: 


6 12 24 AS 72 hrs. 
iD 91.2% 95.6% 97.8% 98.9 % 99.3% 
2 90.4 95.2 97.6 98.8 99.2 
3 92.5 96.3 98.1 99.1 99.4. 
4 89.7 94.8 97.4 98.7 99,4 
5 94.7 97.3 98.7 99.3 99.6 
6 94.3 97.1 98.6 99.3 99.5 
in 95.4 92.6 96.3 98.1 98.8 
& 90.0 94.9 97.5 98.7 99,2 
Av. 91.0+2.0 95.5 +10 97.7+0.5 98.9 +0.38 99.3 +0.2 


Another equation which seems to be thoroughly satisfied by the experi- 
mental facts combines mathematically the values a, V, and ¢ by stating that 


(a-V)t=6b 


where b, like a, is a constant that depends only on the concentrations of the 
‘ soap and electrolyte at fitting. 

In order to examine how the separation of niger depends on the concen- 
tration of the soap when the condition of salting-out is kept constant, the 
following tests were made. Dry powdered sodium soap was prepared from 
80°. beef tallow and 20% coconut oil and mixed with NaCI solution and water 
in a graduated Pyrex tube in various proportions in order to have, in all cases, 
approximately the same type of fit, and the contents of the glass tube were 
settled as above. Volume per cent of niger separated was measured against 
time (Table V-11). The coefficient of separation on niger is plotted against 
settling time in Figs. V-6a and 6b. 
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TABLE V-11 


VOLUME PER CENT or NicER SEPARATED FROM VARIOUS CONCENTRATIONS OF 


SoAP UNDER STANDARD CoNDITIONS® 


Settling time, hrs. 


45 

i 50.0 

2 Sey 

3 52.9 

4.5 53.3 

fi Dose 

22 53.3 

46 53.3 

NaCl conen. ae 
@ Wal) in free soln. 10.1 


These experiments show that the best coefficient of separation is ob- 
tained when the concentration of the soap is lowest. 
were made by keeping the soap concentration constant and only electrolyte con- 
centration was varied in order to obtain changing degrees of coarseness of the 
fit, the results indicated clearly that too coarse a fit retards the separation of 
the niger, owing to the very high viscosity of the neat soap, while a finer fit 
also retards it because the difference in specific gravity between the neat soap 


and niger is too small. 


487. 


40% 


42 
43 
43 
43 
43 
2.9 
10.7 


Soap concentration 


2.5 
12.6 


10% 
12 
13 
14 
15 
15.5 
18 
20.0 


But when experiments 


CHAPTER VI 


PHYSICAL AND CHEMICAL PROPERTIES OF SOAP 
AND SOAP PHASES AND THEIR INFLUENCE 
ON PRACTICAL SOAP PROCESSES 


(1) Change of Viscosity of Neat Soap with Temperature 


This is a very important factor for an understanding of settling conditions 
and, accordingly, the results of an investigation carried out by Phipps®® are 
of interest. The temperature viscosity curve in Fig. \-5 shows that below 
75°C, the viscosity of neat soap increases rapidly and, therefore, practically 
no separation of niger from the neat soap can be expected below this tem- 
perature level. 


(2) Influence of Size and Shape of the Soap-Boiling 
Pan on Settling of Neat Soap 


Guided by the principle that niger cannot settle unless the temperature 
of the soap in the pan is not kept from cooling beyond a certain limit, Webb** 
studied the relationship between pan form and size and ithe maximum settling 
time which could be allowed for each type of pan. He found that the rapidity 
with which the soap mass cools down depends on the cooling surface at the 
disposal of a given unit of soap mass. The larger the surface and the smaller 
the quantity of soap that is held in the pan, the more rapidly will the soap 
cool down. The quotient of the effective cooling surface and the effective 
volume of the pan is called by Webb the “pan factor,” and he stated that the 
smaller this factor the larger the period of settling which may still be effective. 
That is, with a small pan factor the temperature will drop slower than with a 
large one. Thus, e.g., with a pan factor of 1.319 the temperature of the 

H. E, Phipps, Coll. Sym. Mon., 5, p. 259, through Kawakami, l.c. 
‘4 E. T. Webb, Soap and Glycerine Manufacture, Davis, London, 1927. 
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mass will cool below the minimum temperature (65°C., in the opinion of 
Webb) in 97.3 hours against 38.5 hours with a pan factor of 3.334. This 
would mean that a large pan must be more suitable for settling than a small 
pan. In this calculation, however, only the factor of rapidity with which the 
cooling takes place was taken into consideration, whereas, as mentioned above, 
the settling rate, and consequently the height through which the niger has to 
sink, must also be taken into account. Accordingly, not only the pan factor, 
but also the height of the pan, is of importance and it will be found that the 
best results in settling will be given by pans possessing a sufficiently low pan 
factor (which will consequently hold the temperature for a satisfactory period ) 
and which, at the same time, is sufficiently shallow so that the niger will not 
have to sink through too deep a layer. 

Lascaray®® offers a corrected calculation for the longest allowable settling 
period. We will reproduce it here as a good example of a thermal calcula- 
tion, in order to indicate the way in which such problems must be approached. 


The total heat contained in the soap charge is equal to the weight of the charge 
(which may also be represented by volume, /) multiplied by the temperature, T, and 
by the specific heat of the soap (0.7 for 50% soap solution). The total heat content of 
1000 Ibs. of the soap at boiling temperature is 1000 Y x 1000.7 Cal. The minimum 
temperature of soap settling, in our opinion, is 75° C., and the pan content will have to 
dissipate 1000 V x(100-75) x 0.7 Cal. in order to permit the temperature of the total 
pan content to fall to 75° C. This loss of heat, however, takes place only through the 
effective cooling surface of the pan (Ff square meters), It is known that, under the con- 
ditions prevailing in soap factories, soap pans, when properly lagged, lose 125 Cal. per 
hour per square meter (Webb proposes 303.8 Cal., which was found by Lascaray to be 
exceedingly high). The problem is now reduced to the question of how long it will take 
until 1000 V x (100 75) x0.7 Cal. would be lost by radiation through the area F. This 
period is given by the following expression: 

_ 1000 V (100 - 75) 0.7 2 V 1000 x 0.7(100- 75) = 140 i 

125 F F 125 F 

The time during which the temperature of the pan contents cools down to 75°C. can he 
expressed by multiplying the quotient V/F (identical to the pan factor of Webb) by a 
constant. 

After the necessary cooling period has thus been established, we have yet to see 
whether that time will be sufficient to allow even the smallest drop of the niger to sink 
from the surface of the pan contents to the surface of the lower layer. This will depend 
on the rate of separation v. The value of v is expressed in terms of height per unit time 
and, consequently, the time v necessary for the smallest droplet of niger to reach the 
bottom after sinking through the height H of the neat layer, is: 


6=k(A/v) 


where &A is a constant dependent on the volume ratio of ncat soap and niger. It is ob- 
vious that t must not be smaller than v. Consequently when t=, the equation becomes: 


_ 
+= =a 
f k v volume 


65 J,, Lascaray, Setfensieder Ztg., 65, 901 (1938), 


M0z=k* and NG height Swiace_area 
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The expression H (fF ») has been called by Lascaray the pan coefficient, 
and this new factor fully characterizes the pan as to the completeness with 
which all particles of the niger can separate from the neat. The smaller 
the pan coefficient the more complete will be the separation of the niger. 
But when the complete meaning of the pan coefficient is taken into consideration 
it is clear that the shape and not the size of the pan is of ultimate importance. 
At the same rate of settling, separation will be completed sooner in a shallow 
pan of large diameter than in a high of narrow diameter. These conditions 
are valid only when the pan is well lagged and covered at the top. 

The following are general rules regarding the shape of the pan: (a) rec- 
tangular pans of square area have settling efficiency equal to that of pans of 
cylindrical shape when the ratio of height to diameter or width is equal in 
both; (b) rectangular pans of nonsquare area are less efficient and become 


TABLE VI-1 


Son VAL Es oF t FOR CyLinpRical, Pansi5 


V. useful volume, T, nuix. effective 
. meter settling time, hrs. 

1 re 13 

5 = 43 

10 ee Se 55) 

25 as 7A 

50 95 

100 117 


even less so with increasing difference between the sides; (¢) conical pans 
are better than cylindrical ones; however, they become less efficient when 
the quotient height radius becomes less than 0.5; {d) pans in the shape of a 
truncated cone have a medium settling efficiency as shown by conical and 
cylindrical pans. respectively. 


(3) Variation in Composition of Niger Owing to 
Fractional Salting-Out 


It was shown on the phase diagrams for various pure soaps (Chap. IV) 
and also by differences in the limit of lye concentrations for various soaps 
that low molecular weight falty acid soaps are salted-out less readily than 
those of high molecular weight. 

It was to be expected that, in the distribution of low molecular fatty acid 


between neat soap and niger, the latter will tend to be richer in this part of 
the fat charge. 


Figs. VI-1 and V1-2 contain the results of experiments®’ made by fitting 


66 Y, Kawakami, /.c., p. 94B. 
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soap containing varying proportions of coconut oil. The soap concentration 
of the pan contents, in this experiment, was held at the constant concentration 
of 50% while the salt concentration had to be increased according to the 
limited-fitting-concentration of the soap composition in order to receive more 
or less the same type of fit. The neutralization value is the measure of the 
contents of the particular soap on low molecular weight fatty acids, and the 
higher the neutralization value the more low molecular fatty acids are con- 
tained in the soap. It can be seen that the niger, in fact, always contains more 
low molecular fatty aeids than the neat snap. 


+ le 


100% 160% 5 20 25 3.5 3.5 40 
Tallow Coconut oil NaC! canan. on fit, % 
Fig. VI-1. Neutralization value of Fig. VI-2. Neutralization value of 


fatty acids (ordinate) in the neat fatty acids in the neat soap and in 
soap and in the niger with various ithe niger with one soap, but at vari- 
soap compositions, but at the same ous degrees of fit.*6 

type of fit.6° 


In another experiment the fractional salting-out of low molecular weight 
fatty acids was studied on a pan charge of 80°. tallow—20% coconut oil, 
when fitted with various salt concentrations to different types of fit. The 
results show that the coarser the fit, the more fractionation takes place and 
the richer is the niger in low molecular weight fatty acids. 

When investigating how many times the niger can be used for subse- 


quent boils without fractionating the charge to such an extent as to change the 
composition of the charge altogether, it was found that after four uses of the 
niger no more fractionation was taking place. During this time the neutraliza- 
tion value of the fatty acids in the niger increased from 219 to 223. 

Table VI-1A shows the results of an experiment performed on a charge of 
80° tallow-20° coconut oil with the view to attaining the highest possible 
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degree of fractionation between the fatty acid component by numerous subse- 
quent fractional salting-out in the system neat soap-niger. The degree of 
fractionation is not high, but it must be borne in mind that, nevertheless, there 
exists, in practice, some variation in neutralization values for the same pan 
charge. This is particularly important for the analytical chemist, for whom 
this value constitutes an important figure. A difference of 5 units in the neu- 
tralization value indicates an increase or decrease of approximately 2% coco- 
nut oil. In the case of fractionation from a neat soap with a neutralization 
value of 216.6 to 211.5, this means that, whereas the soap contained 20% coco- 
nut oil at the beginning, it contained only 17.9% at the end of the fractiona- 
tion process. 


TABLE VI-1A 


(4) Distribution of Electrolyte between Curd and Lye 
or Neat Soap and Niger 


Many attempts have been made to find mathematical expressions for the 
relation between the quantity. of electrolytes contained in the layers of the 
pan at equilibrium. It is obvious that the soap layers, curd or neat soap, 
always contain less electrolytes than the lower layer, whether lye or niger. 
Until the present there has been no rule of general validity by which we could 
predict from the knowledge of the electrolyte concentration in the lye the 
exact content of the salted-out soap. However, as mentioned before, some 
authors tried to advance some rules with regard to such correlations. 

Goldschmidt®’ found that the equilibria between the strong lye and its 
curd, in Merklen’s experiment with poppyseed oil and lard, satisfy the require- 
ments of the Freundlich adsorption isotherm, and he states that, in this 
equilibrium, the concentration of salt in the lye was equal to 1.85 times the 
concentration of the salt in the pure soap to the power of 4.34. For instance, 
we will find in Table V-2 that the strong lye contained 15.4". NaCl, and that 


67 F, Goldschmidt. Seifenfabr., 31, 225 (1911). E. L. Lederer, Kolloidchemie der 
Seifen, Steinkopff, Dresden and Leipzig, 1932, p. 358. 
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the curd contained 1.16¢. NaCl and 71° pure soap; consequently, there was 
1.63% NaCl in the pure soap, so that: 


15.4 = constant x 1.63” 


Goldschmidt proposes the values: constant = 1.85 and n= 4.34; in this case 
15.4 = 1.85 x 1.63-**, which would correspond to the values found by Merk- 
len. 

It can be shown, however, that this equation does not satisfy all the experi- 
mental data available, and workers like Ubbelohde, Baetz, and Thoerl** ° 
conclude from Merklen’s data that there is generally about 11 times more 
electrolyte in the lye than in the curd in equilibrium. The same authors pro- 
pose, for the system neat soap -niger—lye, a distribution in the proportion of 
1:7:9, but it is clear from a scientific approach to their experimental data that 
this proportion can be regarded as only a very rough estimate. The last 
mentioned authors distinguish between a “natural” system of fitting and the 
“fitting system” as such. The first system occurs when small portions of 
electrolyte are added to a batch of homogeneous soap solution until the proper 
type of fit is produced. ‘This “natural” system produces nigers with small 
soap contents only. The “fitting system” proper is similar to actual practice, 
where portions of water are added to an “open” curd until the pan content is 
sufficiently “closed” to supply the necessary fit. 

Results of Thoerl show that in this last type of fitting the electrolyte con- 
tent of the neat soap is increasing and that of the niger is decreasing when the 
fitting lye concentration is gradually decreased. Lederer’’ explains that it is 
difficult to give any rule which would express the interrelation between the 
electrolyte contents of neat soap and niger. He further maintains that this 
difficulty induced Merklen to relate the analysis of the neat soap not directly 
to the composition of the niger, but to the composition of the “fitting lye,” 
which separates from it on cooling. 

In Chapter V, Section 2, experiments carried out by Wigner, and the so- 
called 666 rule are explained. When trying to check this rule against experi- 
mental data of others, we found that the rule holds good to a certain restricted 
degree, especially at medium soap concentration in curd and neat soaps: 
mainly when the soap charge does not contain too large a quantity of low 
molecular fatty acids (coconut oil )or fatty acids containing hydroxy groups 
or oxidized fats; in short, in cases where the “lye limit concentration” of the 
soap is not too high. 

Wigner, in fact, never mentions the exact composition of the soaps used 
in connection with this experiment and thus we were not able to check his 


68 Ubbelohde and Baetz, Thesis, Karlsruhe, 1918. 

89 Idem. 

70. L. Lederer, Kolloidchemie der Seifen, Steinkopff, Dresden and Leipzig, 1932, 
p. 363. 
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TALLow Soap IN THE “NATURAL” AND “FiTtinc”’ SysTEMsS®? 
ELEctrRoLYTE: NaOH wirn Traces or NaeCO; 


System 


Per cent 
fatty acids 


Niger 


Lye-niger—neat 


Lye-neat 


Lye-niger—-neat 
Lye-neat 


Niger 


experiments. His awareness of the limitations 


TALLOW SOAP IN THE 


System 
Lye-niger 
Lye-niger—neat 


Lye-neat 


10.4 
18.4 
22.0 
22.75 
24.6 
25.4 
26.7 
34.9 


Neat 


61.30 
60.40 
59.10 
59,00 
60.7 
60.8 
61.7 
61.4 
03.4 


60.4 
59.8 
58.0 
54.7 
41.4 
41.0 
39.8 


Per cent 
fatty acids 


Niger 
5.6 
5.4 

(24.37 ) 
5.8 


Flectrolyte red. conen., % 


Lye 


NaOH 


Natural System 


0.29 
0.11 


5.07 
5.84 
5.68 
5.86 
6.10 
6.24 
7.25 


oe) 


fed 


9.40 


4.57 
4.52 
0.31 4.54 
0.18 4.42 
0.25 ? 
0.16 5.15 
017 — 
0.28 
0.34 


Fitting System®® 


5.84 0.11 4.52 
3.90 
3.35 
ep 
BEIM: 
2.65 
2.40 
1.72 


TABLE VI-3 


NATURAL” SYSTEM. 


Niger 


0.18 
0.18 
0.10 
0.12 
0.15 
0.15 
0.13 
0.24 


Neat 


NaOll 


sp 


O|15 
0108 
0124 
009 
0.09 
017 
0.07 
0.13 
0.23 


0.08 
0.07 
0.05 
0.15 
0.20 
0.08 
0.03 


Total electrolyte 
content 


Lye Niger Neat 


5.86 
9.99 
6.00 
6.04 
6.35 7? 
7.42 - 
7.42 — 
7.98 
9.74 — 


5.95 4.70 
4.08 
3.45 
3.24 
2.87 
2.80 
2.53 


1.96 


of his rule is expressed in one 
instance (i.c. p. 401 when he shows that soap of more satisfactory hardness is 


ELECTROLYTE: NaCl 


Reduced concen. 


in ° 


Free electrolyte 
in % NaCl 

Neat Lye Niger Neat Lye 
— 5.04 4.72 — 4.82 
5.59 4.30 — 4.86 

57.1 6.29 5.86 0.67 5.47 
Dial (6132) 5.67 061 5.90 
60.1 6.39 , 0.67 5.56 
09.8 6.60 —_ 0.76 3.7 
61.6 10.68 1.14 9.29 
60.0 12.66 = 1.46 11,01 


NaOH 
Niger Neat Remarks 
4,11 
3.74 — _ Lye-nige: 
5.10 0.58 
4.93 0.53 
0.58 Lye-neat 
0.66 
0.99 
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produced when peanut oil soap is boiled on high concentration lyes. The 
salt and fatty acid content of this soap boiled on a lye of 17% salt content does 
not come within the scope of his 66% rule, since the soap seems to contain, 
in this case, a hydrate with 70% fatty acid. This experiment made it ob- 
vious that the relative validity of the 60% rule is restricted to some small area 
of the phase diagram of certain soaps. However, it seems that the area cov- 
ered by this rule encompasses 1o the most important areas, from the point 
of view of the practical soapmaking process, of graining and fitting. 

Complete information will be available only when phase diagrams for all 

practically important fat mixtures at all temperatures are prepared, but until 
that time it seems that, as a working hypothesis, the 66° rule should be ac- 
cepted tentatively and employed for the badly needed practical control of the 
soapmaking processes in the restricted sense as outlined above. 
4. Exactly what does the 66% rule of Wigner imply? It says that, when a 
given pan contains, say, 100 kg. of mixed soap and lye in which the soap is 
totally salted-out (this mixture consisting of: a, total soap; 6, total water; 
c, total salt; the glycerine content is omitted for the sake of simplicity), then 
this mass will separate into curd and lye, with the curd containing the total 
soap, part of the salt and part of the water; the lye will contain the balance. 

In accordance with the 66% rule the curd contains the pure 66% soap 
hydrate plus the free solution. The amount of 66% pure soap hydrate can be 
calculated when the total fatty acid content of the curd (which, in this case, is 
the weight of fatty acid present in the whole system) is multiplied by the con- 
stant 1.515. The free solution is equal to the weight of the curd minus the 
weight of the 66% soap hydrate. Another assumption of the 66% rule is 
that the free solution in the curd contains the same percentage of salt as the 
spent lye from which the curd has separated. When all these assumptions 
are taken into consideration the quantity of salt present in the curd can he 
expressed as follows (all quantities in kilograms) : 


“¢ 
Salt in curd = —_ (curd ~ 1.515 FA total) 


If the equation is multiplied by 100 /curd, then it becomes: 


- saltincurd salt inlye 100 x salt in lye 1.515 FA total 
OM epee gh ee ete eg 
curd lye Lye curd 


100 x salt in ‘curd 


since: — = % sali in curd 


curd 
and: Un: = Yosaltinlye ~ 
lye : 
P “ FA in curd 


100 


% salt in curd = % salt in lye salt in lye x —— 
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and, consequently, we arrive at the equation formulated hy Wigner: 


% saltin curd . %FAincurd ,. 
salt in lye ; 100 


This equation expresses that fo each pair of values of FA in curd and 
NaCl in lye there is only one value of salt in curd and that it is possible to 
calculate the quantity of salt in the curd when the concentration of salt in the 
lye and of the fatty acid in the curd is known. 

There is another implication in the 60% rule that can be seen more clearly 
from the nomogram published’* by Wigner (Fig. VI-31. It will be seen that, 
by starting from the point of 50° FA in soap and by drawing a line through, 
say, the 2° point for NaCl in soap, the point met on the third vertical will be 
in the vicinity of 8% NaCl in the lye. 1°) NaCl in the soap will correspond to 
about 4% in the lye. That means a proportion of 1:4 in electrolyte content 
between soap and lye. With a curd containing 55% FA the line through 1% 
salt in the curd will show that it is in equilibrium with a lye containing 6‘ 
salt, thus giving evidence for a proportion of 1:6. According to the nomo- 
gram, a soap with 60% FA has an electrolyte relation of about 11, and with 
63% FA in the curd this relation even goes beyond 1:20. This means that, 
in the system curd—lye with a curd low in fatty acid, the curd will be much 
more preferred in the distribution of electrolyte between lye and curd than 
with a curd high in fatty acid content. Curds high in fatty acid content ac- 
cordingly have much lower electrolyte concentrations than curds with low 
fatty acid content. 

This tendency can be seen from the various tables above, where, in the 
neat soap niger system, concentrated curds are in equilibrium with niger in 
which the free solution is more concentrated with regard to salt than niger in 
equilibrium with neat soap containing less fatty acids. In this respect, there 
is qualitative agreement between Wigner’s results and the earlier investigations 
of Ubbelohde and Thoerl, who found that, in the “fitting” system (contrary to 
their “natural” system), where fitting is carried out by adding water to an 
open curd, high fatty acid content curds contain less electrolytes and are 
separated from nigers which are more concentrated in salt. 


(5) Distribution of Glycerine between Curd and Lye 
or Neat Soap and Niger 


The distribution of glycerine was studied by Kawakami by dissolving 
3.5 g. pure soap of various compositions, adding 0.1-1.5 mi. of glycerine and 
10 ml. of an 8-20% sodium chloride solution, mixing the components, and 
allowing them to separate for 4-8 hours. After complete separation had 
taken place, the layers were analyzed for glycerine. It was found that the 
distribution of glycerine in curd soap and lye satisfies the Freundlich adsorp- 
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tion isotherm. The author derives from his experimental data the following 
equation for the soaps investigated: 


Soap log y 
Sodium palmitate 0.79 log x — 0.31 
Tallow 0.82 log x — 0.44 
Coconut oil ” 0.80 log x — 0.41 
Cottonseed oil ae 0.63 log x — 0.39 
Castor oil 0.75 log x ~ 0.13 
Rosin 0.62 log x - 0.17 
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where y is per cent concentration of glycerine in curd soaps, expressed in 
100 parts of pure curd soap; and x is a 10% concentration of glycerine in lye, 
expressed in 100 parts of water in lye. 

In order to determine roughly how many times salting-out must be repeated 
to yield a reasonable recovery of glycerine, we assume that the fat charge is 
one unit; then roughly 1.5 units of curd soap will be obtained. If the quantity 
of lye used is a and the glycerine content in the charge is «,, 


_ Mol. wt. glycerine x 100 
3 mol. wt. KOH x 1000 


or, by direct glycerine determination in the charge, when y, is the per cent 
glycerine in the pure curd soap and x, is the per cent glycerine in the lye 
after the first graining-out, then: 


O1 x Ester value, 


01, = 15 V1 + AX 


In this equation there are two unknown quantities. As the required second 
equation we can, however, use the isothermic equation related to the fat charge. 
In the case of coconut oil soap this will be: 


log yi = 0.8 log a, — 0.41. 


On the second salting-out the total glycerine content of the charge will be 1.5 
V1, representing the glycerine left in the curd after the first graining. Conse- 
quently: 


1.5 Vo b AgX2 = 1.5 V1 
and: 
log y2 = 0.8 log x, - 0.41 


from which the value of x, can be calculated, and thus the contents of x, of 
the lye on glycerine from any nth salting-out can be calculated from the 
equations: 


1.5 Yn + GnX%n = 1.5 ¥n-1 
log yn = 0.8 log x, — 0.4]. 


Solving these equations consecutively, we can determine the number of times 
salting-out must be accomplished in order to give a certain glycerine yield. 

As a practical experiment, 80 kg. of tallow and 20 kg. of coconut oil were 
saponified and salted-out four times. In this case, the charge contained 10.9% 
glycerine; consequently: 


1.5 ¥1 + @%1 = 10.9 
log y = 0.82 log x — 0.43. 


Graphs have been constructed from these two equations and the values read 
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for each consecutive salting-out. At the same time, the quantity of lye in 
kilograms and the content of glycerine in soap and in lye were analytically 


checked, and the calculated values were thus verified by experiment. (Table 
VI-4.) 


TABLE VI-4 


GLYCERINE CONTENT IN SOAP AND LyE7! 


eee Glycerine in lye, % Glycerine in soap, Yo 
salted-out Found Calc. Found Calc. 
1 99.5 1.0 7.25 7.6 2.10 2.4 
2 74.8 0.75 2.54 2.8 0.92 1.0 
3 94,4 0.6 1:33 2, 0.52 0.6 
4 67.1 0.7 0.57 0.6 0.25 0.4 


However, there is a simpler approach to the question of distribution of 
glycerine between curd and lye. It can be stated that glycerine is distributed 
between two layers approximately in the same relation as the water present in 
both. This can be expressed by the following relation: 


Water in curd glycerine in curd 
Water inlye — glycerine in lye 


from which it is obvious that in one graining-out operation the lye will carry 
away relatively more glycerine when the water content of the curd is lower. 
In other words, it is very important to produce curds high in fat content. On 
the other hand, the lye will carry more glycerine when the amount of lye, as 
expressed in relation to the quantity of fatty acids involved in the operation, 
is as high as possible. Of course, there is a limit to the amount of water 
that can be added to the lye, since this also involves dilution of the glycerine, 
and dilution beyond a certain maximum limit makes the process of evapora- 
tion too costly. 

This correlation between the fatty acid content in the curd, and the quan- 
tity of lye in relation to the quantity of fatty acids involved was taken into 
consideration by Wigner, who constructed a very practical nomogram” for 
the quick determination of the fraction of total glycerine removed by the lye. 

Part (a) of the nomogram (Fig. VI-4) is applied as follows: TH, for in- 
stance, such quantities of water and salt are added to a soap charge from 100 
ke. of fats that the 95 kg. of fatty acids present are separated as an acid con- 
taining 60%) fat on 70 kg. of lye, then 1 unit of fat yields 0.736 unit of lye and, 
as a result, we shall have removed about 54% of the total glycerine present in 
the charge with the first change. 


71 Y. Kawakami, J. Soc. Chem. Ind. Japan, Suppl. 186B (1931). 
72 J. H. Wigner, Soap Perfumery and Cosmetics, 12, 231 (1939). 
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Part (b) of the nomogram is applied as follows: Having established what 
part of the total glycerine can be removed by one change, the nomogram en- 
ables us to calculate the number of changes necessary to reach a certain per- 
centage of total recovery. With 54°: of the glycerine removed in the first 
change, we shall need 3 changes to reach a 90%o total yield. 

The glycerine content of a fat charge depends on the kind of fatty acid in 
the composition and also on the free fatty acid content. Fats containing 
fatty acids of short molecular chain, like coconut oil, contain more glycerine 
than those which are composed mainly of higher fatty acids. Again, a fat 
charge containing only neutral fat will contain more glycerine than a fat 
charge composed of the same fats, but containing free fatty acids. 


FA. ee. ae 
in curd hy Shahi 


= Parts lye 
2 to 1 of FA. , Ly 
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50 al 
Sli 


& 4 40 He 
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‘ota! glycerine ht 
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Fig. VI-4. (a) Distribution of glycerine between curd and 
lye. (0) Effect of several washes. 


(6) Solidification of a Liquid Soap Gel by Cooling 


We have already touched upon this problem several times and explained 
that McBain and his school, and also Thiessen, regarded ihe temperature at 
which the liquid anisotropic phase neat soap shows the first sign of white 
curd formation as characteristic data for each kind of soap. It will be re- 
membered that the 7 curves played an important role in the determination 
of phase diagrams. 

Still earlier, M. H. lischer‘* observed the process of cooling of soap sys- 
tems and laid special emphasis on the importance of the temperature point at 
which the solidifying system produces a certain quantity of heat, thus making 


79 M. H. Fischer, Koll. Zeitschr., 46, 359 (1928). 


122 A. THEORETICAL PRINCIPLES 


it possible to detect the exact point at which the solidifying actually takes 
place. The actual solidifying point can also be recognized through the change 
in the electric conductance of the system. Experiments by Fischer have 
shown the most interesting fact that all three methods of observation—visual, 
electrical, and thermal—gave the same result. The solidifying point of a 
soap system can thus be determined very nearly in the same manner outlined 
for the solidifying point of mixtures of fatty acids (see titer test, Chapter 
XXXVIII, Section 13). Figs. VI-57? and VJ-67 show typical cooling curves 
for four different soap systems. 

Fig. VI-6 shows that the time versus logarithm of the temperature during 
cooling is approximately a straight line, with a break representing the solidi- 
fication heat which will be generated. In the case of sodium stearate the 
break occurs at 52°C. and, in the case of sodium laurate, ai 15°C. 


Temperature 


Minutes Minutes 
Fig. VI-5. Cooling curves of 15% so- Fig. VI-6. Cooling. curve from 
dium soap solutions.73 Fig. VI-5 in logarithmic scale.’4 


In the definition of McBain, we distinguish between three forms of soap 
hydrates when: (a) the soap solution is a clear, transparent liquid with vis- 
cosities between that of water and values 1000 times as great; (6) the soap gels 
are clear, transparent solids showing definite elastic properties; (c) the soap 
curd fibers are more or less opaque white masses. The 7’, values of McBain 
show the transformation boundaries from transparent gel into the phase in 
which curd fibers appear. Fischer’s solidifying point characterized by the 
appearance of a sudden rise in temperature, as shown in Fig. VI-5, fixes (as 
pointed out by Lederer) the transformation of a soap solution in an immo- 
bilized, but still transparent, soap gel. 

Every practical soapmaker will have observed that, when heating soap in 
any shaped form, the piece will undergo changes, first by becoming trans- 


74, L. Lederer, l.c., p. 38. 
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parent and only later by melting into a shapeless mass. In the other case, 
when opening a soap-cooling press before the proper cooling period is termi- 
nated, we may obtain a plate of soap which will keep its shape fairly well but 
which is still transparent. 


TABLE VJ-5 


SoumpiricaTIon Point or Neat Soap75 


Kind of soap SeeiEeY) ge tk aes Solidif. pt. of Ay. Ske 
in M.p. neat soap lidif. pt. 
Toilet soap hase nO Pee! 38.3 37.8 52a 2052.0; 95 52.4 
laundry soap hase 44.8 Buy 37.6. 38.4. 38.0 
Cottonseed oil ; < eee OLS 34.5 BPA, AB} 32.5 
Hardened cottonseed oil 69.3 36 33 33 
45.1 42.5 46.3, 45.9 46.1 
Paes’ 46.5 60, 58.5 59.3 
Hardeaed coconut oft ae 4.6 26 61.5 61.5 
Coconut oil 8.5 24.8 59.5. 59.2. 60 59.6 
Coconut oil (80%)-tallow (20%) iyi By 58.2, 59 58.6 
(75%) (25%) 17.0 PUP) 59 59 
(60%) (40%) 7 30 56.9, 56.6 56.8 
(50%) (50%) 25.5 34.5 54.5 54.5 
(40%) (60%) 29 39 51.4 o1.7 
(25%) (75%) 34 40 Gil 51 
(20%) (80%) Bie 40.5 51.6, 51 ales} 
Beef tallow 42.6 43 48.1, 48.7, 50 48.9 
Hardened fish oil 66.7 37.5 44.7 44.7 
10.2 52:5 66.6, 66 66.3 
Hardened soybean oil ROBY 41.5 47.4, 48 47.7 
Soybean oil : 125 22 PAG 27 
Palm oil 42.1 43.5 45. 46.5 45.8 
Chinese vegetable tallow 28.2 eas) 62 62 
Peanut oil 98.5 aU Di ad 
Sodium palmitate 0 63.6 76.9. 77.5 77 
Sodium laurate 2: 0 43.6 1 283 72.5 


(7) Solidification Point of Neat Soap 


The solidification point of neat soap was determined by Kawakami’® by 
means of the electroconductivity and the differential thermal methods. The 
data of Kawakami are noteworthy in view of the fact that they were obtained 
on important soap systems, and because he brought them in interesting rela- 
tions to the iodine values and melting points of the fatty acids from which 
the neat soaps were produced. From Table VI-5 the following can be de- 
rived. When plotting the solidifying points of the soap zainst the melting 


75 Y, Kawakami, l.c., 31B (1932). 


124 A. THEORETICAL PRINCIPLES 


points of the fatty acids for soap which do not contain low molecular fatty 
acids, a straight line is obtained which can be expressed as follows: 


T,= 1.34 T;,-8.5 


where T;, is the solidifying point of the neat soap, and 7 is the melting point 
of fatty acids. Soaps containing mixtures of coconut oil and tallow are rep- 
resented by another straight line and another linear equation. The solidify- 
ing point of neat soap can thus be read off from the diagram or calculated when 
the melting point of the fatty acid composition is known. 


(8) Rate of Cooling of Neat Soap 


It is important for the soap plant operator to know what cooling interval 
to allow for complete solidification of the slab or block. In order to find 
whether a rule exists that expresses the cooling time if other data are known, 
a series of experiments were carried out with a toilet soap base (15% coco- 
nut oil 85° tallow) which had been cooled in differently shaped frames of 
different sizes. The temperature at the center of the block was measured at 
each time interval and, at the same time, the room temperature was registered. 
Table VI-6 gives the experimental data.‘° J, is the temperature of the soap 
before cooling started; T, is the mean room temperature; a@ is a constant, 
changing with the size and type of frame material and with the kind of soap; 
b is the time, in hours, from charging the soap into the frame until the 
moment the soap starts to cool in the center of the slab. 

When T is the temperature of the soap in the center after time ¢ (necessary 
for cooling), the following equation will hold: 


log ‘14 —-T.)-log (1 ~T.)4-ab 
a 


We oe ; 
l = loz ( “7 T Db 


As a practical example, let T,=18°C., T4 = 80°C., and the solidifying 
point of the neat soap 53°C., then ¢=(0.248 a)+b. a and b, which can be 
taken from Table VI-6 for each kind of frame. 

Table V1-6 gives values for cooling frames of various sizes. However, the 
above equation holds for cooling in presses as well. Table VI-7 contains 


values for a and b for cooling pan plates of various sizes. By their use, the 
cooling time required in cooling presses can be calculated, 


or: 


(9) Water Absorption by and Drying of Solid Soap Gels 


Dry soap, and especially dry soap in powdered form, will absorb water 
from the air. The rate and degree of water absorption will depend on the 
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TABLE VI-6 


Dara FOR Soap GCOoLinc IN Frames'® 


Soap temp. 
gti oe ol raat tT. b Fra ine size 
i 80 22.5 0.00398 15 Mild steel frame, 9! 61X76 cm. Thick- 
2 82 255 0.00423 15 ness of iron plate 3 mm., No. 1 frame. 
3 78.9 26 0.00384 19 
4 80 26 0.00430 20 
5 82 26 0.00453 16 
6 78.5 28.5 0.00394 16 
7 79 28 0.00424 18 
8 80 24 0.00416 18 
y 79.5 26.9 0.00412 18 
10 79.5 29.5 0.00414 16 
ll 79.5 19 0.00408 19 
12 79 15 0.00376 18 
13 80.5 12 0.00378 19 
Average _ 0.0041 17 
1 81.5 24, 0.00780 8.5 Mild steel frame (3 mm. thick), 91x61 
2 83 PES 0.00825 10 38 cm., No. 2 frame. 
& 82 26.5 0.00715 10 
4 79 30 0.00725 9 
5 82 30 0.00755 8 
6 82.6 30 0.00854 8.5 
7 79 19 0.00800 9.5 
8 79 14,5 0.00735 9.5 
Average 0.00771 = 9.1 
1 85 all 0.0165 2.0 Wooden frame (27 inm. thick), 18.5 45 x 
2 79 21 0.0159 Ball 20 cm. No. 4 frame, 
Average 0.0226 1.8 
1 Tell 24.1 0.0226 1.8 Wooden frame (27 mm. thick), 18.5 x 45 x 
20 cm., No. 4 frame. 
1 87.8 15.6 0.026 3.0 Tinplate frame (0.5 mm. thick), 24.5x 
24.534 em. No. 5 frame. 
1 78 17.5 0.057 1.0 Wooden frame (17.2 mm. thick), 13.7 x 
2 88 16 0.059 1.0 18.3 x 12.5 cm., No. 6 frame. 
Average 0.058 1.0 
i 85.5 ie5) 0.078 0.9 Tinplate frame (0.71 mm. thick), 13.7x 
PA 82.5 10.5 0.075 0.9 18.3 12.5 em., No. 7 frame. 
ere’ 0.076 0.9 


water content of the soap and on the water content of the surrounding air. 
I'he water content ot air can be regulated experimentally in a desiccator which 
contains sulfuric acid of various concentrations. For each concentration of 
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sulfuric acid there is a certain fixed concentration of water in the air above 
the liquid and it can be expressed as relative vapor pressure. The lowest 
vapor pressure will prevail above the most concentrated sulfuric acid. 


TABLE VI-7 


Data For Coottnc Soap in Macuines*5 


Soap plate thickness, mm. a b 
90 0,17 0.35 
80 0.18 0.29 
70 0.185 0.22 
60 0.19 0.11 


Dry powdered sodium stearate was kept over sulfuric acid at various 
concentrations and the water absorbed was measured after the sample had 
reached constant weight (Table VI-8"°). The degree of absorption can be 


TABLE VI-8 


WaTER ABSORPTION BY SODIUM STEARATE’® 


Rel. vapor pressure Absorption of 
a1 hom Ismp. water, % 
G.H10 - a eed 0.81 
NONE” ee ee 2.85 
H.278 = 2.98 
O51 3.90 
Uo ns caer 10.6 
O.8S3 a 13:7 
neta 20.4 
411.962 38.2 


expressed by stating the amount of water in grams absorbed by one gram of 
soap at maximum absorption. 

The hydration curve in Fig. VI-7 explains that up to about 50% relative 
humidity the soap does not absorb appreciable quantities of water from the 
air, while beyond this point any small change in humidity is followed by an 
ever increasing degree of hydration. (Compare with hydration isotherms of 
McBain, Fig. IV-6.) 

Water absorption or swelling of soaps will always occur whenever the 
air contains water vapor with a higher vapor pressure than the water con- 
tained in the soap. The volume of the soap that has undergone swelling will 
not be equal to the sum of the volume of the components soap and water. 
Rather, it will have a smaller volume. Swelled soap must consequently have a 
relatively higher specific gravity than soap which did not absorb water. 


76 H. Katz, Kolloidchem. Beih., 9, 102 (1918). 
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Merklen’’? measured the water absorption of soaps by soaking cakes of 
Marseille soap in pure water and in water containing salt solutions of varying 
concentrations. He observed that while soap absorbs pute water or water 
from weak salt solutions it tends to give up water to concentrated salt solutions. 


ture absorbed, % 


ct 


Mai 


0 0.2 0.4 0.6 0.8 1.0 
Relative vapar pressure 


Fig. VI-7. Water absorption by sodium stearate. 


The values in Table VI-9 indicate that between 15 and 20% concentration 
of the salt solution the water absorption of soap from salt solution becomes 
smaller, and in the 20 to 25% range there is a concentration at which neither 
absorption nor evaporation of water occurs. After this point, the soap starts 
to give up considerable amounts of water to the solution. 


TABLE VI-9 


WeIcuT INcREASE OR DECREASE OF SOAP FROM SALT SOLUTIONS OF 
Varyine CONCENTRATION AFTER ELEvEN Days?? 


Concentration of salt solution, % 10 15 20 25 
Weight increase or decrease, % +3.27 +3.70 + 0.98 = 5537 


(10) Heat of Hydration 


Water absorption by soap is accompanied by the production of a certain 
amount of heat, which is called the heat of hydration. Lederer'® measured 
the amount of heat liberated by powdered neat soaps when undergoing solu- 
tion in a calorimeter. 


77 F, Merklen, J.c., p. 35. 
78K. L, Lederer, Lc. p. 34. 
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Spontaneous combustion of soap products seem to be initiated by the 
heat of swelling which accompanies water absorption by dry soap. Soap 
powder and soap flakes have been observed to undergo spontaneous heating 
on many occasions, particularly in the center of a bin full of soap flakes or, 
even in the center of paper bags filled with soap powder.’® It was found that 
only certain types of soap exhibited this phenomenon, particularly when two 
batches of soap flakes of different moisture content were mixed. However, 
experience shows that it is not possible to cause soap powder or soap flakes to 
undergo spontaneous combustion by mere hydration, and it is more than 
likely that auxiliary factors were at work, such as hydrolysis accompanied 
by oxidation of the fatty molecules. 


(11) Drying Out of Soaps 


In the same manner as soaps are able to absorb water from the air 
when the vapor pressure of water in the air is higher than that of the water 
in the soap itself, the soaps will give off water to the air if there is less water in 
the air. In order to know to what extent a piece of solid soap will dry out 
under certain conditions we will need to know the original degree of mois- 
ture absorption, the geometric form and dimensions, the time elapsed, the 
vapor pressure and temperature of the surrounding atmosphere, and the 
change in the degree of absorption at various time intervals. 

The chemical composition, the method by which the soap had been manu- 
factured, and its thermal and mechanical pretreatment will also influence to a 
certain degree the rate at which the soap will dry out. 

A water molecule has to migrate somehow to the surface of the soap cake 
in order to escape into the atmosphere. Thus, a diffusion process of the water 
molecules from centers of a high degree of absorption to drier parts of the 
cake always precedes evaporation into the air proper. Of course, evapora- 
tion must take place on the surface, and a constant diffusion of water mole- 
cules from the inner parts to the surface is thus going on whenever the atmos- 
pheric conditions are favorable for evaporation. Diffusion proper within the 
cake is directly proportional to the difference in water concentration between 
two points in question. 

Lederer®® expressed this by a mathematical formula in which C is the 
concentration of water in the soap cake after ¢ days; C, is the concentration of 
water in the surrounding air, C; is the concentration of water in the cake be- 
fore drying, h is the half thickness of the soap slab, x is a room coordinate 
fixing a certain point within the slabs, and & is a constant: 

Tere 
he Gh 
79F, J. Better, The Industrial Chemist, Sept., 1939. 
80 &. J. Lederer, l.c., p. 42 and p. 48. 


Cac +(C;—Cg) sin 
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By using this equation it is possible to calculate the concentration of water 
at any point of the drying out process of a soap cake. The constant k was 
termed by Lederer the permeation coefficient and expresses the amount of 
water migrating through the unit area of a square millimeter during one day 
at a unit difference in concentration. 

The value of the permeation coefficient depends on (7) the soap compo- 
sition, (2) the method of manufacture (3) the method by which the soap 
has been solidified from the molten state, and (4) whether or not the soap 
contains electrolytes. In Table VI-10 the value of & for different soaps and at 
various temperatures are collected and by comparing these figures it becomes 
clear why certain soaps dry out at quite different rates from others. 


TABLE YI-10 
VALUES OF THE PERMEATION COEFFICIENT FOR SOAps® 
Kind of soap Temp., °( k Remarks 
Milled soap 27 0.265 
Neat. soap 17 0.371 
17 0.362 
17 0.362 
ilz¢ 0.273 From cooling press. 
Cold-made soap (coconut oil) . 27 0.392 KOH : NaOH=1:4. 
17 0.570 
17 0.525 


17 0.498 KOH :NaOH=0:1. 
ile 0.913 KOH : NaOH=0: 1. 
17 0.865 KOH : NaOH=0:1. 
47 1.477 KOH : NaOH=0:1 


Curd soap 25 0.995 Containing niger-free NaOH 1.068%. 
50 1.814 i a x ss 
25 1,348 ; 2 > s 
50 2.272 


The value of this permeation coefficient is directly proportional to the 
temperature. In order to study the influence of the thermal prehistory of the 
soap on the value of the permeation coefficient, four samples of a neat soap 
with 31.1% water were dried at 18°C. and at normal air numidity in order to 
determine the respective values of k. Sample 1 (Table VI-111 was allowed to 
solidify slowly in a large frame during a period of two days; sample 2 
solidified in a 2-cm. layer during half a day at 25°C.; sample 3 was cooled in 
a cooling frame of 5-cm. plate thickness at 8°C.; and sample 4 was cooled 
in a 2 cm. layer at 0°C. during 15 minutes. 

The influence of the fat charge on the rate of drying out can be cstimated 


from & values for different pure soaps as calculated from results received by 
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Godbole and Joshi** in investigations of the hydration of individual soaps. 
These values (Table VI-12) are of reiative interest only, but give an approxi- 
mation of the real relation. 

The water molecules migrate more slowly in a soap which possesses a low 
k value than in a soap with a higher value which will, consequently, tend to 
dry out at a quicker rate. In view of this, the values in Table VI-13 express 
the fact that in high molecular soaps the water is bound more strongly and is 
retained longer than in soaps containing low molecular fatty acids. Un- 


TABLE VI-11 
PERMEATION COEFFICIENTS OF SOAPS COOLED UNDER VARIOUS CONDITIONSS° 


Sample - oe u 2 3 4 
k, mm.?2/day ase 0.576 0.486 0.371 0.244 


saturated fatty acids in their soaps dry out more quickly than saturated soaps 
of the same chain length. Sodium soap binds water more strongly than the 
corresponding potassium soaps. 

Let us now consider the drying out of a cake of soap of cubical shape hav- 
ing a thickness of 50 mm. (2h = 50). The original concentration of the soap 
was 62% fatty acid hydrate, corresponding to about 28% of water (C;= 28); 
humidity in air 75%; temperature 17°C. (8); time of drying 28 days. C,, 


the concentration of water in air, can be determined when the temperature and 


TABLE YVI-12 


PERMEATION COEFFICIENTS FOR DIFFERENT SopIum AND Potassium Soaps81 


Soap é 
Sodium Potassium 
Capronate — = ik 0.295 0.305 
Caprylate ——___ 0.187 0.310 
Ng i) Seen een ene nena 0.082 0.115 
Oleatoupess Sa ee 0.117 0.190 


the relative humidity are known. & for a neat soap at 17°C. is known (Table 
VI-10). The concentration of water in a soap cake, €;, must be regarded 
initially as the same everywhere within the cake. A difference in concentra- 
tion exists, only at the surface, where C, is greater than C,, and the soap gives 
up water to the air. At this point the equilibrium will be disturbed between 
the surface layer and the adjacent inner layer of the soap, and some migrat- 
ing will start from the inner strata in the direction of the surface; from this 
point on the water molecules from more and more layers near the center of 
the cake gradually begin to migrate outward. Lederer calculated the water 


81 Godbole and Joshi, Allgem. Oel u. Fettzeitg., 27, 77 (1930). 
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concentration of such layers in accordance with the above data. Fig, VI-8 
shows the cubical cake with the calculated boundaries representing the water 
concentration in each following layer in per cent of the original water con- 
centration of the soap before starting the drying out process. These boundary 
lines are called isohygrens, because along each line, at any point, the soap has 
the same water and fatty acid concentration, in this case after a drying period 
of 28 days. In the case presented, the calculation of the isohygrens show that, 
after 28 days, beyond the depth of about 20% from the edges, the soap still 
remained in the same state as before the drying out started. 

The velocity of evaporation from the surface layer is generally higher 
than the rate at which the water is replaced from the center of the cake. When- 
ever quick drying of a soap cake is attempted, the drying is localized and a 
hard surface layer is produced that prevents further drying of the core. Slow 
drying, however, yields uniformly dried soap. 


Fig. V0-8. Isehygrens of a eubical cake.2¢ 


When a piece of soap has reached a condition in which, as represented by 
Fig, VI-8, the core is still fully hydrated and the external layers are grad- 
ually dried out, diffusion of the water molecules will take place, even when, 
for some reason, there is no opportunity for the water at the surface to evap- 
orate into the surrounding air. In soap cakes dried and packed into cases, 
layers already dried will therefore be rehydrated to a certain extent from the 
more hydrated inner layers. This is why finished and packed soap must never 
be considered as a system in equilibrium. 


(12) Migration of Components in the Solid Soap 


It was Kristen®? who proved that, in a piece of solid soap, electrolytes, 
glycerine, and other components move by diffusion between the more hydrated 


82 W. Kristen, Seifensieder Ztg., 57, 423 (1930). 
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core and the dried surface. The salt content of the central part is always higher 
than in the layers nearer the surface, Concentration in the core may be 
two to four times as high as in the surface layer. See Table VI-13. 

In the course of these experiments it was also shown that, while the content 
of free caustic soda constantly increases in layers nearer the center of the 
cake, the content of soda ash shows tendencies of decreasing when determined 
on samples of the same layers. 

The higher salt concentration in the center may be explained by the pres- 
ence of osmotic phenomena, due to the fact that concentration differences in 
water between the core and surface exist. Electrolytes must migrate in the 
direction of higher water conceniration in order to reduce the higher osmotic 
pressure prevailing in the region of isohygrens with low water concentra- 
tion. The differences in NaOH and Na,CO. content seems, however, to be 


TABLE VI-13 


CHANGE IN PROPERTIES OF SOAPS AT DryiNnc8? 


NaCl, % FA content, % 
Brand of = aint 

aii Skin Cot Sh cis Shin Core Ai ter ze 
1 0.406 0.710 0.304 82.65 80.57 2.08 

2 0.250 1.050 0.800 80.43 78.84 1.57 

3 0.458 0.755 0.297 82.01 79.66 2.35 

4 0.311 0.877 0.566 82.59 78.77 3.82 

5 0.281 0.521 0.240 81.97 78.88 3.09 

6 0.306 0.957 0.651 83.58 78.92 4.66 

it 0.484 0.725 0.241 82.04 81.44 0.60 

8 0.322 0.542 0.220 83.58 82.55 1.03 


caused not only by diffusion, but also by carbonating of the free caustic soda 
under the influence of the carbon-dioxide in the air. The saponification of 
unsaponified oil in the soap by free caustic soda may play its role in these 
processes as well. See Table V1-14. 


(13) Sweating of Soap Cakes 


Having explained the rules according to which water, glycerine, and 
electrolytes can migrate within the solid soap and water evaporate from the 
surface or even condense from the surrounding air on the surface of the soap, 
it is possible to explain the occurrence of sweating. 

It was stated that water is given up to the atmosphere whenever the con- 
centration of water in the interior of the cake and the temperature is such that 
the vapor pressure within is greater than that of the water in the air at that 
temperature. On the contrary, when the relative humidity of the air is high 
and such air comes into contact with the relatively dry and cool soap surface, 
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water is condensed there, especially when the vapor-saturated air undergoes 
a drop in temperature. 

The condensed water forms small droplets or beads on the surface of the 
cake, and this new phase now behaves in relation to the soap as is expected-— 
it tries to form an equilibrium by mutual exchange of components. Soap, 
electrolytes, and glycerine migrate to the surface and eventually dissolve in 
the droplets. Conversely, the water from the droplets tries to disappear into 
the dried surface layer of the soap. In this way, by the gradual diminishing 
of the quantity of the water droplets and by their steady enrichment in respect 
to electrolytes coming from inside the soap, an electrolyte concentration in 


TABLE VI-14 


ELECTROLYTE CONVERSION IN SoOAPs AT AGING 


Age, - FA H,O Na,CO,, NaOH Conen. in water of 
days . content content content content Nz,CO, NaOH 
0 62.08 31.55 0.115 0.097 0.363 0.307 
11 1 74.61 18.27 0.130 0.025 0.72 0.137 
2 67.93 25.21 0.197 0.076 0.785 0.30 
3 65.50 27.86 0.151 0.080 0.545 0.290 
4 64.89 28.50 0.129 0.080 0.455 0.280 
3 64.67 28.73 0.127 0.094 0.445 0.330 
iy 1 75.36 fells) 0.174 0,014 01 0.08 
a 69.40 23.60 0.285 0.031 1,21 0.13 
3 67.00 26.20 0.205 0.033 0.795 0.13 
BF 66.48 26.67 0.160 0.079 0.60 0.30 
5 66.34 26.51 0.142 0.099 0.54 0.37 
Be 1 80.72 11.44 0.183 None 1.61 None 
2 77.16 15.30 0.254 0.0278 1.66 0.182 
3 74.48 18.40 0.244 0.0309 1.33 0.168 
4 71.16 21.79 0.239 0.0533 1.10 0.245 


the droplets is created eventually at which the soap neither absorbs nor 
releases water. 

The experiment of Merklen recorded in Table VI-9 shows that while soap 
absorbs some water from solutions of low electrolyte concentration, it gives 
up water to highly concentrated solutions. There is ultimately one electrolvte 
concentration in the solution at which the soap cake remains in equilibrium 
with the solution and no further exchange of water takes place beyond this 
stage. In the case of condensation of water on the soap surface, the electrolyte 
concentration increases at a rate at which (a) the water penetrates into the 
soap and (b) the electrolytes reach the surface. 

It is obvious that the equilibrium electrolyte concentration may be reached 
with vari us quantities of water present at the surface. For instance, with a 
high rate of migration of electrolytes, the water droplets may reach the 
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required concentration when relatively large quantities are still present at the 
surface. In this case, there are always large quantities of beads of sweat on 
the soap and the soap tends to become wet. This probably happens because 
the soap contains large quantities of electrolytes. On the other hand, when 
conditions cause a high rate of water diffusion from the surface into the soap, 
together with slow electrolyte migration, the soap, of course, assumes a dry 
appearance. 

White precipitates are known to form on the soap surface under certain 
conditions. This happens when for some reason the saturation concentra- 
tion of the solution in respect to salts at the surface has been exceeded. 


PART B 


RAW MATERIALS OF SOAP MANUFACTURE 


Inorganic and Organic Soap Builders and Fillers, etc. 


CHAPTER VII 


WATER 


Water is an important raw material in the manufacture of soap. Whether 
it is hard or soft has little material effect on normal soapboiling because any 
hardness present is converted into lime soaps, which go into the product. 
However, this represents a loss. For example, under ncrmal boiling condi- 
tions, when 100 Ibs. of lye is produced for every 100 lbs. of fat saponified, 
the presence of 200 p.p.m. of hardness, expressed as CaCO,, would be approxi- 
mately 0.08% soap lost through softening. Since soapboiling losses through 
other factors may be as high as 10, this is not too significant. However, when 
soluble soaps such as liquid potash soaps are made, slight water hardness 
causes great difficulty in obtaining clear solutions and the water must be soft- 
ened. In addition to this the boiler department of each plant must have its 
water treated for hardness—as in any other industrial plant. But even aside 
from these considerations it is important that the student of soap manufacture 
know something of water hardness and its softening, if for no other reason than 
to gain some insight into one of the chief drawbacks of soap as a detergent 
agent and the processes available for rectification. 

Before dealing with the softening process, something must be said about 
the substances which render a natural water hard, and how this “hardness” 
is defined. 

Hardness is often expressed in degrees or grains per lL nited States gallon. 
One degree of hardness indicates the presence of calcium and magnesium 
and other soap-precipitating compounds in an amount equivalent to 1 grain 
of calcium carbonate per United States gallon. Hardness is now more often 
expressed in parts per million of water. 


137 


138 B. RAW MATERIALS 


Some conversion factors are: 


Grains per U. S. gallon x 17.15 = p.p.m. 

Grains per Imperial gallon x 14.29 = p.p.m. 

p.p.m. X 0.0583 = grains per U. S. gallon. 

p-p.m. X 0,07 = grains per Imperial gallon. 

lbs. per million/]20=lbs. per 1000 U. S. gallon. 
lbs. per million/100=Ibs. per 1000 Imperial gallon. 


Water with up to 100 p.p.m. hardness is usually considered as “soft”; up 
to 200 p.p.m. it is considered as “‘moderately hard”; 200-300 p.p.m. indicate 
very hard water. 

Hardness is of two kinds: (a) Temporary hardness caused by calcium and 
magnesium bicarbonates, which could be removed simply by boiling the 
water, thus transforming the soluble bicarbonates into the practically insolu- 
ble carbonates with the evolution of carbon dioxide. As temporary hardness 
is usually present together with permanent hardness, both are removed with 
a single treatment. (6) Permanent hardness is caused by all other soluble 
salts of calcium and magnesium, e.g., chlorides and sulfates. This hardness 
can be removed only by chemical treatment or distillation. 

Two principal methods of chemical treatment of water are to be distin- 
guished. The internal treatment consists of treating the boiler feed water 
with chemicals before it enters the boiler. Hardness is precipitated within 
the boiler as sludge and not as scale. This process is less common than the 
external process, especially in the soap industry, where it is never used. The 
external process consists in removing the main part of hardness outside the 
boiler. For the soap industry it may often be practical to treat the water added 
during the soapboiling process in the same way as the boiler feed water. 

Two methods are comonly used: 


(1) The Lime-Soda Process 


This method is usually employed for softening waters of medium and 
high hardness. It is a process in which the scale-forming salts are precipitated 
by the use of lime and soda ash or, in certain cases, caustic soda. The process 
is much more efficient in the hot than in the cold and the hot process should be 
employed wherever possible. 

The typical equations for this process are: 


Ca(HCOs;) 2+ Ca(OH)2—* 2CaCOs | + 2H20 


Mg(HCOs)2+ Ca(OH) 2—> MgCOs + CaCOs |, + HeO 


In the latter case. since MgCO, is fairly soluble, it is further transformed into 
Meg(OH). according to the following equation: 


MgCO; + Ca(OH). -> Mg(OH)2 | + CaCOs | 
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For soluble salts of Ca or Mg the following equations are typical (here 
Na.CO, comes into the picture) : 


MgCl. (or MgSO.) + Ca(OH) 2—> Mg(OH): i} + CaCl, (or CaSO.) 
CaCl. (or CaSO.) © NaeCOs —> CaCOs | + 2NaCl (or Na,SOx) 
MgSQx (or MgCl.) + Ca(OH) 2+ Na-CO. —> Mg(OH). | + CaCO { ~ NasSO. (or 2NaCl) 


When water contains appreciable quantities of magnesium salts and has 
been treated by the lime-soda process, precipitation may continue for a con- 
siderable period. The use of some modern types of lime-soda plants in which 
the reaction takes place in the presence of agitated sludge or sand results in a 
reduced retention time in the softener and decreased after precipitation. 

The efficiency of the lime—soda process can be improved by adding about 
3 p.p.m. dry sodium aluminate calculated on water added to the lime-soda 
slurry. This will facilitate precipitation and permit working at such low tem- 
peratures as 45°C. 


(2) The Ion Exchange Process 


This method may be used to remove practically all hardness. It is often 
employed combined with a pretreatment with lime-soda if very hard water is 
to be dealt with. The scale-forming salts are converted to the equivalent non- 
scale-forming sodium salts by the passage of the water through a bed of base- 
exchanging material such as Zeolites. The standard plant for the applica- 
tion of the process usually comprises a cylindrical unit coniaining the bed of 
Zeolite material together with equipment for preparing and storing the salt 
solution used for the regeneration of the Zeolite. 

Zeolites or Permutits are either natural or synthetic base exchange sili- 
cates of the following general formula: 


NazO s R203 = xSiOz + 10H20 


where R,O; stands for an amphoteric metal oxide, usuall: Al,O, or Fe,0,. 
Zeolites are water insoluble, but their base (Na) is interchangeable with the 
bases of soluble salts as Mg and Ca. The reactions occurring are typified by 
the following equations. lhe complex Zeolite radical is represented by the 
symbol [Ex]. 


CaHCO; + Na2[Ex] = Ca[Ex] + 2NaHCOs 
CaSO. + Na2[Ex] = Caf[Ex] + Na2SO, 
MgCl, + Naef[Ex] = Mg[Ex] + 2NaCl 
MgSO. + Naz[Ex] = Mg[Ex] + NasSO, 
Atter the Zeolites are exhausted, they may be regenerated by treatment 
with a 5-10 brine solution. The reaction occurs according to the following 
equation: 


Ca[Ex] or Mg[Ex] + 2NaCl = Naz[Ex] + CaCl. or MgCl, 
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In practice the Zeolites are regenerated when the. desired degree of hard- 
ness is no longer obtained. It will be noted that for the hardness-forming 
earth alkaline salts soluble alkali salts are Jeft in solution. 

Since the Zeolites also exert a filtering action, regeneration with brine is 
usually combined with an efficient “backwash” to remove every sediment from 
the Zeolite bed and to regrade it hydraulically. 

Newly developed synthetic resin ion exchangers have made possible 
deionizing water completely by successive treatment with cation and anion 
exchangers.! Water is passed through a first ion exchanger. When water 
containing calcium, magnesium, sodium, and other metal ions is passed 
through it, they are converted into their equivalent amounts of acids, i.e., the 
the calcium and magnesium carbonate are converted to carbon dioxide, cal- 
cium and magnesium sulfates are changed to sulfuric acid, sodium or calcium 
chlorides are changed to hydrochloric acid. In other words, all the alkaline 
bases in the water are removed and their salts are converted to their corre- 
sponding acids, and the water issuing from this first plant is acid, whereas it 
was previously alkaline. 

The water from this first unit is then passed through a second pressure 
cylinder. This is a plant similar to the first, but filled with a bed of acid 
absorption material. During its passage through this bed the whole of the 
acids contained in the water, other than CO., is absorbed by the material, 
leaving the water completely free of any of the minerals contained in the raw 
water, but still containing free COs. 

It is worthy of note that the second is an absorption plant, as distinct from 
the first, which is an exchanging plant. In other words, in the first plant the 
alkaline salts are changed into acids, and in the second the acids are absorbed. 

The final stage of the process consists in passing the water through a cold 
degasifier for the removal of the free CO». 

The actual operation of this process is as simple as the salt regeneration 
previously mentioned. Instead of being regenerated with a salt solution, 
the first unit is regenerated with a very weak solution of sulfuric acid, and 
the second unit with a solution of soda ash. 

A process for deionizing water using synthetic resins, (the Amberlites of 
Resinous Products & Chemical Co.) is especially suitable for small-scale 
operations.” The principal equations are: 


Cation Exchange Resin 
Sodium Cycle: 2NaR | CaSO. = CaR: | Na2SO. 
2NaR~ MgCl: = 2NaCli MgR 
QNaR + Ca(HCOs,) 2» = CaR. + 2NaHCO; 
Hydrogen Cycle: 2HR + CaSO: = CaRs+ HeSOx 
1 Distilled Water without Distillation, Permutit Co. 


2 The Amberlites, Synthetic Ion Exchange Resins, Resinous Products & Chemical 
Co., Philadelphia, Pa. 
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2HR ~~ MgCl. = MgRe 2HC) 
2HR * Ca(HCOs). =e CaR, + 11-0 ' CO t 
HR NaCl = NaR ! HCl 
NaR~ sodium salt of cation exchange resin 
HR =hydrogen derivative of cation exchanger 
Anion Exchange Resin 
Acid Removal: 2RX + HeS04-> (RX) 2+ HeSO. 
RX | HCI— RX- HCl 


RX anion exchange resin with the acid-bindiag substituent X 


Regeneration of the cation exchangers is possible, as can be seen from the 
above equations. The reaction of the cation exchangers, # true equilibrium 
reaction, is governed by the law of mass action, and an increase in the con- 
centration of the products effects a reversal of the equilibrium. Generally, 
an appreciable excess of the regenerant is used, and a relatively high concen- 
tration is employed so that regeneration of the exchanger is essentially com- 
plete. However, as might be anticipated. complete regeneration is not eco- 
nomical. so that an optimum regeneration value is chosen. 
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Although the mechanism of reaction of the acid absorbent is thought to 
be different, regeneration can likewise be effected. Treatment of the depleted 
anion exchanger with sodium carbonate solution neutralizes the acid which 
has been fixed, and frees the anion exchanger for further acid adsorption. 
For example: 

RX- HCl +» Na-COs-> RX | NaCl’ H.O- CO. 


(depleted (regenerated 
anion anion 
exchanger) exchanger) 


The flowsheet for complete deionization gives a clear picture of the process 


(see Fig, VII-1*), 


(3) Phosphates for Water Treatment 


Monosodium, disodium, and trisodium phosphates are frequently used to 
form an easily removable soft phosphate sludge. The more modern sodium 


3 Eric Kunnas, Jr., Drug & Cosmetic Industry, July, 1945, p. 49. 
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hexametaphosphate (NaPO,),; (sometimes simply called metaphosphate) 
forms soluble complexes with the alkaline earth ions or with residual iron or 
alumina ions. Its valuable dispersing property makes it a very important 
soap builder and laundering agent. (The phosphates will be discussed in 
detail in Chapter IX-5.) The dispersing properties of metaphosphates led to 
the development of the so-called threshold treatment after the softening 
process with lime—soda. Small additions of 5 p.p.m. and even less of (NaPO;) , 
prevents the after precipitaton of calcium carbonate. The use of metaphos- 
phate (Calgon) for complete softening is not very frequent. For every 10 
p-p-m. hardness 0.7 part metaphosphate would have to be added to 100,000 
parts water. Another phosphate of the modern type is sodium tetraphosphate 
(Quadrafos, Rumford Chemical Works) (Na,P.0,;), which is also used for 
aftersoftening treatment of water, where it is more effective than metaphos- 
phate in dispersing magnesium salts, but less effective in dispersing calcium 
salts. 


(4) Oxygen Removal 


It must be mentioned that other factors besides hardness are to be con- 
sidered as well, e.g., dissolved oxygen may be a serious troublemaker espe- 
cially for the modern high pressure steam generators, where it causes severe 
corrosion. Water ordinarily saturated with air at 10°C. (50°F.) contains 
about 8 cc. oxygen per 1000 cc. water. This may be removed by spraying 
or by cascading the water down over a series of trays contained in a tank. 
During the downward flow the water is scrubbed by rising steam. An open 
feed water heater of the spray type will usually lower the dissolved oxygen 
content to below 0.3 cc. per liter. Scrubbing devices will remove even this 
small amount, or it can be chemically combined using a scavenger like sodium 
sulfite:* 


O. + 2NasSOs — 2NasSO, 
As this complete or nearly complete removal of oxygen is necessary only 
for boiler feed water, the water used during the soap boiling process will not 
go through this procedure. 


(5) Removal of Iron 


The removal of iron from water for the soap boiling process is of specific 
importance, as iron left in the soap may cause serious deterioration and lower 
the keeping characteristics of the ready made soap. But fortunately iron is 
usually removed to a sufficient degree by most municipal water stations; other- 
wise, treatment with small amounts of metaphosphate or tetraphosphate has 
great advantage. 


«R. N. Shreve, The Chemical Process Industries, McGraw-Hill, New York, 1945, p. 57. 
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THE CAUSTIC ALKALIES 


(1) Caustic Soda 


Caustic soda (NaOH)® ranks first among the alkaline soap builders, since 
only caustic soda (or caustic potash) is able to saponify the neutral fat or oil 
which constitutes the main fat stock used in soapmaking under ordinary 
soap-boiling conditions. United States soap factories consume 5-6% of the 
caustic soda produced in the country. 

By far the greatest part of caustic soda is produced by electrolysis, accord- 
ing to the equation: 


2NaCl —> 2NaOH -- He + Cl. 


When electrolysis is carried out in the diaphragm celi, the salt brine first 
passes into the anode compartment where part of the chlorine is released, 
and then through the porous diaphragm (usually made of asbestos fibers) into 
the cathode compartment where the sodium hydroxide is formed. The brine 
flowing into the cathode compartment contains dissolved chlorine which reacts 
with the hot caustic solution to form sodium chlorate. This weak liquor is 
concentrated to a 50% NaOH concentration and the excess salt, which pre- 
cipitates, is removed. 

The mercury cell for electrolysis is more expensive to operate because of 
the high investment in mercury; and because of the higner voltage required 
for operation a higher power cost results. In this cell, mercury forms the 
cathode, and metallic sodium released by the passage of the current amalga- 
mates with the mercury. Reaction of the amalgam with water produces a 
caustic soda solution of exceptional purity. 

5 Material for this chapter on caustic soda was kindly supplied by Michigan Alkali 
Company, Wyandotte, Michigan. 
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The nonelectrolytic lime—soda process is still used to some extent. In this 
process a soda ash solution is causticized by the addition of lime according 
to the equation: 


Na,CO: + Ca(OH) 2= 2NaOH + CaCOs 


Since calcium carbonate is less soluble than calcium hydroxide, the 
equilibrium is shifted to the right so that about 90% of the sodium carbonate 
is converted to sodium hydroxide. The precipitated calcium carbonate and 
the excess calcium hydroxide are removed by settling and filtration, resulting 
in a clear liquor containing about 12% NaOH and 1.7% Na,CO;. This weak 
liquor is concentrated in multiple-effect evaporators to a 50% NaOH content. 
In an increasing concentration of NaOH, the Na,CO; becomes less soluble 
and is finally precipitated; the final 50% solution contains only 0.15% 
Na,CO;. For anhydrous caustic the water is driven off by heating in large 
cast-iron pots of 14- to 20-ton capacity. The molten anhydrous caustic may 
be either cast into drums or flaked on a water-cooled rotary drum. 

It is important for the modern soap technician to be well acquainted with 
the physical and chemical properties of the caustic raw material of soap 
manufacture. 

Caustic soda or sodium hydroxide is a compound having the chemical 
formula NaOH and a molecular weight of 40.01. When crystallized from 
solution, the anhydrous material and all the hydrates are colorless; the com- 
monly known product solidified from the molten state has a crystalline frac- 
ture and appears white. It has a specific gravity of 2.13 and melts sharply at 
318°C., with a latent heat of fusion of 40 cal. per gram. Two anhydrous 
crystalline modifications exist, the transition occurring at 300°C., with the 
liberation of heat of transition of 25 cal. per gram. 

NaOH is highly hygroscopic. The usual grade of purity of high-grade 
commercial NaOH in the United States is approximately 760% Na,O = 98% 
NaOH. A.S.T.M. Designation D450-39 gives the following requirements as 
to chemical composition: 


Total alkalinity as NasO eee 75.5% (min.) 
Sodium hydroxide (NaOH) .. 96% (min.) 
Carbonate as NasCQs; _.. 2% ~ (max.) 


Undiluted caustic soda should be purchased by net weight and is usually 
sold solid, ground, powdered, or flaked, in drums. Caustic soda solutions of 


specified concentrations are usually delivered to the consumer in tank cars. 
Solid caustic soda, when exposed to the air, absorbs water and carbon 


dioxide to form sodium carbonate, Na,CO,. 
Table VIII-1 gives the relation of specific gravity to percentage NaOH. 
The change in specific gravity with temperature is given in Table VIII-2. 


6 Based on tables from International Critical Tables. 


wo 


Baume Concentration Taste FoR Caustic Sopa So.utions at 15.6 °C. (60°F.)é 
Based on Tables from International Critical Tables 


Sp./er- 
60/60°F. 


1.007 
LO14 
1,021 
1028 
1,036 
1,043 
L051 
1058 
1.066 
1.074 
1,082 
1,090 
1.098 
1107 
1,115 
1,124 
1133 
1,142 
1151 
1,160 
1169 
1179 
1,189 
1,198 
1.208 


Twaddell 


14 

2.8 

4.2 

5.6 

ial 

8.6 
10.1 
ie 
13.2 
14.8 
16.4 
18.0 
19.7 
21.4 
23.1 
24.8 
26.6 
28.3 
30.2 
32.0 
33.9 
35.8 
37.7 
39.7 
41.7 


TABLE VIII-1 


Na.0, 


0.47 
0.95 
1.43 
1.93 
2.44 
2.96 
3.48 
4.02 
4.56 
Dld 
5.67 
6.24 
6.81 
7.40 
7.99 
8.59 
9.21 
9.83 
10.46 
i111 
11.76 
12.43 
13.10 
BR A 
14.49 


NaOH, 
(eal 


6.06 
12.35 
18.87 
25.61 
32.57 
39.75 
47.15 
34.79 
62.65 
70.73 
79,06 
87.65 
96.47 

105.5 
114.9 
124.5 
134.4 
144.7 
155.2 
160.1 
177.3 
188.8 
200.7 
213.0 
225.6 


NaOH, 
Ibs. /zal. 


0.05 
0.10 
0.16 
0.21 
0.27 
0.33 
0.39 
0.46 
0.52 
0.59 
0.66 
0.73 
0.81 
0.88 
0.96 
1.04 
1.12 
1.21 
1.30 
1.39 
1.48 
1.58 
1.68 
1.78 
1.88 


NaOH, 
Ibs./cu.ft. 


0.38 
0.77 
1.18 
1.60 
2.03 
2.48 
2.94 
3.42 
3.91 
4.42 
4.94 
5.47 
6.02 
6.09 
eked 
7.78 
8.40 
9.03 
9.09 
10.37 
11.07 
11.79 
12:53 
13.30 
14.09 


Total wt. 


soln., 
Ibs./gal. 


8.39 
8.45 
8.51 
8.57 
8.63 
8.69 
8.76 
8.82 
8.88 
8.95 
9.02 
9.09 
9.15 
9.22 
9.29 
9.37 
9,44 
9.51 
9.59 
9.67 
9.75 
9.82 
9.90 
9.99 
10.07 


Total wt. 


soln., 
Tbs. /cu.ft. 


62.80 
63.24 
63.69 
64.14 
64,60 
65.06 
65.53 
60.01 
66.50 
66.99 
67.49 
68.00 
68.51 
69.04 
69.57 
70.11 
70.65 
TAN 
a aed: 
12539 
i.2.93 
73.93 
74.13 
74.74 
75.36 
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CTL 


NaOH, 


% 


19.62 
20.55 
21.51 
22.48 
23.47 
24,47 
25.50 
26.54. 
27.62 
28.72 
29.85 
31.01 
32.20 
33.44 
34.71 
36.00 
37.34 
38.71 
40.12 
41.60 
43.13 
44.69 
46.28 
47.91 
49.60 
51.33 


Sp./er. 
60/60°F. 


1,218 
1.229 
1.239 
1.250 
1.261 
1.272 
1.283 
1.295 
1.306 
1,318 
1.330 
1.343 
1.355 
1.368 
1.381 
1.394 
1.408 
1,422 
1,436 
1.450 
1.465 
1.480 
1.495 
1,510 
1.526 
1.543 


Twaddell 


43.7 
45.8 
47.9 
50.0 
52.2 
54.4 
56.6 
58.9 
61.3 
63.6 
66.1 
68.5 
71.0 
73.6 
76.2 
78.8 
81.6 
84.3 
87.1 
90.0 
92.9 
95.9 
99.0 
102.1 
105.3 
108.5 


TABLE VIII-1 {continued} 


Na,O, 
% 


15.20 
15.92 
16.66 
17.42 
18,18 
18.96 
19.76 
20.56 
21.40 
22.25 
23.13 
24.03 
24.95 
25.91 
26.89 
27.89 
28.93 
29.99 
31.09 
32.23 
33.41 
34.63 
35.86 
37.12 
38.43 
39.77 


NaOH, 
g./l. 
238.8 
252.3 
266.2 
280.6 
295.6 
310.9 
326.9 
343.2 
360.4 
378.2 
395.7 
415.9 
435.9 
456.9 
478.8 
501.4 
520.1 
549.7 
575.4 
602.5 
631.0 
660.5 
691.1 
722.9 
756.2 
791.0 


NaOH, 
lbs./gal. 


1.99 
2.11 
2.22 
2.34 
2.47 
2.60 
2.73 
2.86 
3.01 
3.16 
3.30 
3.47 
3.64 
3.81 
4.00 
4,18 
4.38 
4,59 
4.80 
5.03 
9.27 
5.51 
5.77 
6.03 
6.31 
6.60 


NaOH, 
Ibs./cu.ft. 
14.91 
1675 
16.62 
1752 
18.45 
19.41 
20.41 
21.43 
22.50 
23.61 
24.77 
25.97 
Pera 
28.53 
29.89 
31.30 
32.78 
34.32 
35.92 
37.63 
39,40 
41,24 
43.15 
45.13 
47.21 
49.39 


Total wt. 
soln., 
lbs./gal. 

10.16 
10.25 
10.33 
10.42 
10.51 
10.60 
10.70 
10.79 
10.89 
10.99 
11.09 
11.19 
11.30 
11.40 
1151 
11.62 
11,74 
11.85 
11.97 
12.09 
j2.21 
12.34 
12.46 
12.59 
12.73 
12.86 


Total wt. 
soln., 
Ibs, /cu.ft. 

76.00 
76.64 
77.30 
77.96 
78.04 
79.33 
80.03 
80.74 
81.47 
82,22 
82.97 
83.74 
84.52 
85,32 
86.13 
86.96 
87.80 
88.67 
89.54 
90.44 
91.35 
92.28 
93.23 
94.20 
95.20 
96.21 


OFT 
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NaOH, % 


aonanhb wh = 


34 


46 


32°F. 
(0°C.) 
1.013 
1,025 
1.037 
1.049 
1.061 
1.072 
1.084 
1.095 
1.107 
1.118 
1.141 
1.164 
1.186 
1.209 
1.231 
1.253 
1.275 
1.298 
1.320 
1.34] 
1.363 
1,384 
1.404 
1.425 
1.445 
1.465 
1.484 
1.503 
1.523 
1.542 


OOg Es 60° F, 70°F. 80°F. 100°F. 120°F.) 
(10.0°C.) (15.6°C.) (21.1°C.) (26.7°C.) (37.8°C.) (48.9°C.) 
1.013 1.012 1.010 1,009 1.005 1.001 
1.024 1.023 1.021 1.020 1.016 1.011 
1.036 1.034 1.035 1.032 1.027 1,022 
1.047 1.045 1.043 1,042 1.037 1.032 
1.058 1.056 1.054 1,052 1.048 1.043 
1.069 1.067 1.065 1.063 1.058 1,053 
1.081 1.079 1.076 1,074 1.069 1.064 
1.092 1.090 1,087 1.085 1.080 1.075 
1.103 1.101 1.099 1.096 1.091 1.085 
1.114 1.112 1.110 1.107 1.102 1.096 
SG 1,134 1,132 1.129 1.123 L117 
1.159 1.156 1.154 1151 1.145 1.139 
1.181 1.178 1.176 1.173 1,167 1,161 
1.204 1.201 1.198 1.195 1.189 1.182 
1.226 1.223 1.220 1,217 1.209 1.204 
1.248 1.245 1,242 1.239 1.232 1.226 
1,270 1.267 1.264 1.260 1.254 1,247 
1.292 1.289 1,285 1.282 1.275 1.269 
1.314 1.310 1.307 1.304 1.297 1,290 
1.335 1.332 1.829 1.325 1.318 1311 
ish 1.353 300 1.316 1.339 1.332 
1.377 1.374 1.370 1.365 1.359 1.352 
1.398 1.394 1.391 1.387 1.380 1.372 
1.418 1.415 1.411 1.407 1.400 1.392 
1.438 1,434 1.431 1.427 1.419 1.412 
1.458 1.454 1.450 1.446 1.439 1.431 
1.477 1.473 1.469 1.458 1.450 1.450 
1.496 1.492 1.488 1.484 1.476 1.469 
L515 1511 1.507 1.503 1.495 1.487 
1.534 1.530 1.526 1.522 1.514 1.506 


TABLE VIII-2 


Spiciric Gravity oF Caustic Sopa SoLutions at \arious TEMPERATURES® 


140°F. 160°F, 
(60.0°C.) (71.1°F.) 
0,995 0,989 
1.006 0.999 
1.016 1.010 
1.026 1.020 
1.037 1.031 
1,047 1.041 
1,058 1.052 
1.069 1.062 
1,079 1.073 
1.090 1.083 
Ld 1.105 
1.133 1.126 
1.154 1.148 
1.176 1.169 
1.197 1.190 
1.219 L212 
1.240 1.233 
1.262 1.254 
1.283 1.275 
1.304 1.296 
1.325 1.317 
1.345 1.338 
1.365 1.357 
1,385 1.377 
1.404 1.396 
1.423 1.415 
1.442 1.434 
1.461 1.453 
1,480 1.472 
1.498 1.490 


180°F. 
(82.2°C.) 
0.982 
0.993 
1,003 
1.014 
1.024 
1.034 
1.045 
1.056 
1.066 
1.077 
1.098 
1.119 
1.141 
1.162 
1.183 
1.204 
1.226 
1.247 
1.268 
1.289 
1.310 
1.330 
1.350 
1.369 
1.389 
1.408 
1.426 
1.445 
1.464 
1.483 


200°F. 
(93.3°C.) 
0.975 
0.985 
0,996 
1.006 
1.017 
1.027 
1.038 
1.049 
1.059 
1.070 
1,091 
1.112 
1.133 
1.155 
1.176 
1.197 
1.218 
1.239 
1.260 
1.281 
1.302 
1.322 
1.342 
1.362 
1.381 
1.400 
1,419 
1.438 
1.456 
1.475 


212°F. 
(100°C.) 
0.970 
0.981 
0.991 
1,002 
1.013 
1.023 
1.034 
1.044 
1.055 
1.065 
1.087 
1.108 
1.129 
1.150 
Ta 
1.192 
1.214 
1.235 
1.256 
1.277 
1,297 
1.317 
1,337 
1.357 
1.376 
1.395 
1.414 
1.433 
1.452 
1.470 


SHIIVMTV OLLSAVD AHL “WIA 


bes 


148 B. RAW MATERIALS 


The handling of caustic soda requires special precautions, because it is 
strongly corrosive to the human skin. During all operations with caustic 
soda workmen should wear thick cotton clothing, their hands should be pro- 
tected by gloves, and they should wear safety goggles. If solid caustic soda is 
to be diluted, the drum metal must be removed from the solid cake. The 
easiest way is to place the drum on its side with the body seam up. A crowbar 
is inserted through the seam under the metal. The drum is then rolled back 
and forth with the crowbar; this will detach the body sheet from both the 
caustic and the ends, and the cylinder of caustic soda can then be rolled out. 
Yor preparation of solution from the solid, the cake is placed in the caustic 
dissolving tank by the use of a chain hoist. Workers should be instructed in 
safety precautions. They should wear goggles, face shields, and rubber 
gloves. 

Practical equipment for dissolving the caustic is described by Michigan 
Alkali Company. (Fig. VIII-1.) In this equipment the difference in density 
between high and low concentrations of solution is utilized to speed up the 
circulation and, therefore, the rate of solution. As solution proceeds, the vol- 
ume of liquor shrinks and water is added to keep the system operating. 

It is possible to work with less equipment by breaking the caustic cake, 
and putting it in a basket or on grids under the surface of the water in a steel 
tank. Since the dense solution formed flows to the bottom, circulation is set 
up which brings a less concentrated solution to the solid. 

If flakes or crystals are to be dissolved, solution proceeds so fast that little 
agitation is required to bring about complete dissolution in a very short time. 
In this case, evolution of heat may be so great that no large single quantity 
of flakes or crystals should be added to water above 60°C. (140°F.), as the 
heat of solution may bring about sudden steam evolution, with consequent 
danger to personnel. 

Caustic soda solutions attack zinc, tin, aluminum, and brass very readily, 
but the effect on iron and steel (cast iron is more resistant than steel) at room 
temperature is very small. At elevated temperatures the attack on iron and 
steel becomes greatly accelerated and it becomes necessary to dissolve it at 
lower temperatures, or at least to cool the solutions. For this reason a cooling 
coil in the dissolving tank is very often an investment which pays in the long 
run, especially if one keeps in mind that the rate of corrosion on mild steel 
of 50% liquid NaOH becomes about 80 times as fast at 104°C. as at 21°C. 
The cracking phenomenon of corrosion on steel is called “caustic embrittle- 
ment.” Places of stress are especially prone to caustic embrittlement." 

Storage tanks may be constructed from welded steel plates. For riveted, 

Ga M. G. Fontana, Ind. Eng. Chem., 44, 81A, 82A, 84A (1952); H. W. Schmidt, 


P. T. Gegner, G. Heinemann, C. P. Poyacar, and E. H. Wyche, Corrosion, 7, 295-302 
(1951). 
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Fig. VUE-L, Disselving unit for caustic suda ue potash? 


vertical storage tanks containing upward of 10,000 gallons, tank steel of not 
less than * inch should be used. Tanks in the open or subjected to tem- 
peratures lower than the freezing point of the caustic should be insulated and 
provided with steam heating coils. 
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Nickel and nickel-clad steel resist “caustic embrittlement” perfectly, and 
special lining paints and the like are on the market which have excellent pro- 
tective value for steel and iron as well. 

For pipelines, valves, and pumps, the following materials of constructions 
are recommended: 

Standard black iron pipe is satisfactory for pipelines. Flanged joints are 
preferred to couplings, since couplings tend to leak in this service. Rubber 
is a good gasket material unless the caustic is hot, when asbestos composition 
gaskets should be used. Pipelines exposed to temperatures below the freezing 
point of the caustic should be bound to a steam line and a common insulation 
should be wrapped about both pipes. 

All-iron cocks, preferably of the lubricated type, are recommended for 
caustic service, but nickel-iron cocks are more durable for high-temperature 
service. Valves for caustic service, if used, should be of all-iron or trimmed 
with Monel, nickel or any alloys recommended by the valve manufacturing 
firms. Brass or bronze valves or fittings must not be used for caustic under 
anv circumstances. 

All-iron centrifugal pumps with extra-deep stuffing glands are standard 
for pumping liquid caustic. For high-temperature use, nickel or Monel shafts 
give better service. The highest grade graphite asbestos packing specifically 
recommended for caustic soda service by the maker should be used. 

It should be borne in mind that the prevention of corrosion by caustic 
solution is important not only from the point of view of preservation of equip- 
ment, but also from the point of view of the keeping quality of soap. As it 
will be explained later (Chapter XX XI, 4), traces of metal in soap have a 
deteriorating effect on the ready made soap. 

Figure VIJI-2’ facilitates diluting or strengthening caustic soda solutions 
of given strength to the concentration required. The following examples are 
given for use of the dilution chart.’ 


A shipment of 146,000 lbs. of 74% NaOH is to be diluted with water to prepare 
50% solution. How many gallons of water must be used? What will be the resulting 
volume? 


Lay a straight edge from 74. NaOH on the strong caustic axis to 0% (water) on 
the diluting caustic axis. This crosses the 50% NaOH coordinate at point “a,” corre- 
sponding to 67.6 lbs. of strong caustic required for every 32.4 lbs. of water (read from 
the top and bottom of the chart, respectively). Each pound of 74% caustic, therefore, 
requires 32.4/67.6, or 0.48 lbs. water. 146,000 lbs. will require 70,080 ths. or 8,403 gal. of 
water (8.34 lbs. water equals 1 gal.). The volume of the 50% liquor will not be the sum 
of the volumes of the 74% NaOH and the water due to contraction. The weight of the 
50% liquor will be 146,00 + 70,080, or 216,080 lbs. One gallon of 50% caustic liquid 
weighs 12.76 lbs. This figure divided into 216,080 gives 16,934 gals. as the volume of the 
50% liquor. 


* Courtesy of Michigan Alkali Company, Wyandotte, Michigan. 
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Fig. VIII-2. Chart for diluting or strengthening caustic soda solutions.” 


1,000 gallons of 13% NaOH liquor is at hand and is to be strengthened to 18% by 
the addition of 50% liquor. How many gallons of 507% liquor must be added? 

Connect 50% on the strong caustic axis with 13% on the diluting caustic axis. This 
crosses the 18% line at point “b,”, corresponding to 86.5 lbs. diluting liquor and 13.5 Ibs. 
strong liquor, or 0.156 lb. 50% liquor for each pound of 13% liquor. 1,000 gal. of 13% 
liquor weigh 9,548 Ibs. and the votal requirement of 50% liquor will be 1,469 lbs. Di- 
viding this by 12.76 (weight of one gallon of 50% liquor at 60°F.) gives 116.7 gal. as 
the volume of 50% liquor io add. 
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TABLE VIIL3 


Potasstum Hyproxme--Density oF Aqueous Sonutions at 15°C, (59°F,)8 


KOH, % Sp. gr. 


1 1.0083 

2 1.0175 

3 1.0267 

4 1.0359 

5 1.0452 

6 1.0544 

7 1.0637 

8 1.0730 

9 1.0824 
10 1.0918 
11 1.1013 
12 1,1108 
13 1.1203 
14 1.1299 
1 1.1396 
16 1.1493 
alge 1.1590 
18 1.1688 
19 1.1786 
20 1.1884 
2) 1.1984 
22 1.2083 
23 1.2184 
24 1.2285 
25 1.2387 
26 1.2489 
27 1,2592 
28 1.2695 
29 1.2800 
30 1.2905 
31 1.3010 
32 1.3117 
33 1.3224 
34 1.3331 
35 1.3440 
36 1.3549 
37 1.3659 
38 1.3769 
39 1.3879 
40 1.3991 
41 1.4103 
42 1.4215 
43 1.4329 
44 1.4443 


° Baume 


°Twaddell 


1.66 
3.50 
5.34 
7.78 
9.04 
10.88 
12.74 
14.60 
16.48 
18.36 
20.26 
22.16 
24.6 
25.98 
27.92 
29.86 
31.80 
33.76 
35.72 
37.68 
39.68 
41.66 
43.68 
45.70 
47.74 
49.78 
51.84 
53.90 
56.00 
58.10 
60.20 
62.34 
64.48 
66.62 
68.80 
70.98 
73.18 
75.38 
77,58 
79,82 
82.06 
84.30 
86.58 
88.86 


ok 


10.08 
20.35 
30.80 
41.44 
52.26 
63.26 
74.46 
85.84 
97.42 
109.2 
121.1 
133.3 
145.6 
158.2 
170.9 
183.9 
197.0 
210.4 
223.9 
237.7 
241.7 
265.8 
280.2 
294.8 
309.7 
324.7 
340.0 
355.5 
371.2 
387.2 
403.3 
419.7 
436.4 
453.3 
470.4 
487.8 
505.4 
523.2 
541.3 
909.6 
578.2 
597.0 
616.1 
635.5 


KOH wet. in soln. 
Ibs./gal. 


0.08415 
0.1698 
0.2570 
0.3458 
0.4361 
0.5280 
0.6214 
0.7164 
0.8130 
0.9112 
1.011 
1.112 
1.215 
1.320 
1,427 
1.535 
1.644 
1.756 
1.869 
1.984. 
2.100 
2.218 
2.339 
2.461 
2.584 
2.710 
2.837 
2.966 
3.098 
3.231 
3.366 
3.503 
3.642 
3.783 
3.926 
4.071 
4.218 
4,366 
4.517 
4.670 
4.826 
4.982 
5.142 
9.303 


8 Computed from values given in International Critical Tables. 


Ibs. cuit, 


0.6295 
1.270 
1.923 
2.567 
3.263 
3.950 
4,648 
5.359 
6.082 
6.816 
7.563 
8.322 
9.092 
9.874 
10.67 
11.48 
12.30 
13.13 
13.98 
14.84 
15.71 
16.60 
17.49 
18.41 
19.33 
20.27 
21.23 
22.19 
23.17 
24.17 
25.18 
26.20 
27.24 
28.30 
29.37 
30.45 
31.55 
32.66 
33.79 
34,94 
36.10 
37.27 
38.47 
39.67 
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TABLE VIII-3 (continued) 


KOH wt. in soln. 


KOH, % Sp. gr. Baum “I waddell 
g./l. Ibs./gal. Ibs. / cu.ft. 
45 1,4558 45.4 91.16 655.1 5.467 40.90 
46 1.4673 46.2 93.46 675.0 5.633 42.14 
47 1.4790 47.0 95,80 695.1 5.801 43.40 
at) 1.4907 47.7 98.14 715.5 5.97] 44.67 
19 1.5025 48.5 100.50 736.2 6.144 45.96 
50 1.5143 49.2 102.86 Aoiea 6.319 47.27 
51 1.9262 5U.0 105.24 778.4 6.495 48.59 
52 1.5382 50.7 107.64 799.9 6.673 49,94, 


(2) Caustic Potash 


Caustic potash, KOH, is not as important for soap manufacture as caustic 
soda, but it was widely used in the [ nited States to enhance solubility during 
the coconut oil shortage of World War II, and is still important for this pur- 
pose. It is used for the manufacture of soft soap. Some soapmakers replace 
some of the caustic soda for saponification with caustic potash in order to 
produce by the formation of a certain percentage of potash soap a more fluid 
soap which is easier to work. 

KOH is produced mainly by electrolysis of KCl. Smaller quantities are 
also produced by the action of lime, Ca(OH)». on solutions of the carbonate. 
KOH is even more hygroscopic than NaOH and more soluble in water. Thus, 
solutions of KOH in water can attain a higher percentage of KOH than solu- 
tions of NaOH (see Table VIII-3). 

The usual grade of purity of high-grade technical KOH in the United 
States is approximately 88-92% KOH; lower grades are sold with 73-75% 
KOH. It is on the market as solid, in drums, as flakes, as granules and as 
lumps (drums of 100 ,110, 220, and 325 lbs.). As a liquid, it contains about 
45% KOH and is marketed in drums; as a highly concentrated liquid of 50% 
KOH content it is delivered in tank cars. The technical solid product has a 
gray-green color; the solutions are nearly water-white. KOH has a molecular 
weight of 56.11; the chemically pure product is white, with a specific gravity 
of 2.044 and a melting point of 380°C. When exposed to air it absorbs water 
and carbon dioxide to form potassium carbonate K.CO.. 

Precautions for handling KOH are the same as for NaOH. The corrosive- 
ness of KOH solutions is, in principle, the same as that of NaOH solutions. 


Table VIII-3 gives added information about KOH solutions. 


CHAPTER IX 


INORGANIC SOAP BUILDERS 


Before describing the properties of soap builders, two A.S.T.M. definitions 
should be kept in mind when using inorganic as well as organic soap builders 
or fillers. 


Builder. A material added to soap or synthetic detergent to improve its effectiveness 
under conditions of use, 

Filler, A material added to soap or other detergent which does not improve its at- 
tractiveness or its effectiveness under the conditions of use. 


As a matter of fact it is not easy in any case to decide whether a material 
added to soap actually improves the soap or if it acts only as a filler. The 
general tendency of present day soapmakers, however, is to add nothing to a 
soap that does not improve the effectiveness of the product in some way. For 
example, if 10% soda ash gives the maximum detergency to a certain soap 
mixture, then the addition of 12% could be considered as 10% builder and 
2% filler. 


(1) Sodium Carbonate 


Sodium carbonate was produced in early times from the ashes of seaweeds 
(potassium carbonate was similarly obtained from the ashes of land plants), 
but was obtained later by the Leblanc process developed under pressure of 
war conditions in France at the end of the 18th century. This process was 
the main method of manufacture during the following 100 years. (The 


Leblanc process is still used to-day for the production of potassium carbenate 
from potassium chloride, especially in Europe.) 


Sodium carbonate is produced mainly in two ways: (1) by the ammonia 
soda process (Solvay process), and (2) from electrolytic caustic soda. 
1S 
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(1) The ammonia soda process; The chemical reactions in this process 
are as follows. Carbon dioxide passes up a tower, down which runs a brine 
saturated with ammonia which reacts to give sodium bicarbonate, which is 
then treated to give off carbon dioxide and water with the formation of the 
normal sodium carbonate: 


CO, + H-O © NaCl + NH, -> Nal!CO. + NH,Cl (a) 
2NaHCO; > Na-CO. | CO. LO (b) 


The carbon dioxide necessary for this process is usually obtained by heat- 
ing calcium carbonate (limestone) : 


CaCO, — CaO + CO, (c) 


and from the decomposition of NaHCO, (equation b). The ammonia is re- 
covered from the ammonium chloride by reacting it with Ca(OH). by slaking 
the CaO obtained by burning limestone (equation c) : 


2NII,Cl + Ca(OH)» —> CaCl. + 2H.O + 2NH: (d) 


The process actually depends on the low solubility of sodium bicarbonate, 
especially in presence of excess CO.: 


NaCl + NH,HCO, -> NaHCO, | + NHC (e) 


(2) The process from electrolytic caustic soda is used in the United States 
where electric power is cheap, and consists in transforming the electrolytic 
caustic NaOH with carbon dioxide into Na,CO, (see above). 

There are three distinct forms of sodium carbonate on the market: 


(A) Sopa AsH 


Soda ash, anhydrous Na,CO,, a greyish-white powder. According to 
A.S.T.M. specification D458-9: 


Soda ash shall be a high grade anhydrous sodium carbonate in powdered form and 
shall be of the type specified by the purchaser. 

Soda ash, after drying for 1 hr. at 155° C., shall conform to the following require- 
ments as to chemical composition: 


Total alkalinity, calculated as NasCO 99.16% (min.) 
Sodium bicarbonate (NaHCOs) 0.5% (max.) 
Matter insoluble in water 0.25% (max.) 


At the place of manufacture, the loss in weight on heating 2 g. of the material at 
150 wo 155° C. for 1 hr. shall not exceed 1 per cent. 

When the sample is taken at other than the place of manufacture, it shall be recog- 
nized that the soda ash is hygroscopic. Hence from the percentage loss in weight on 
heating, there shall be deducted the percentage gain in net weight of the package as 
sampled over the net shipping weight to arrive at the percentage loss in weight on heating 
at the place of manufacture. 
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Types of soda ash shall be designated as follows on the basis of the density as re- 
ceived: 


Apparent volume Apparent density 
" : of 30 g., ml Ibs./cu.ft. 
Designation 
Min. Max. Min, Max. 
Light 50 65 29 37 
Extra-ligh: ES 75 95 20 25 


Unless otherwise specified in the contract, soda ash shall be purchased by net 
weight as packed at the place of manufacture. 


(B) Sopium CaRBONATE MONOHYDRATE 
Sodium carbonate monohydrate (crystal carbonate), Na,CO,-H.O, a 
white powder, specific gravity 1.55. It loses water at 100 C. This product 
is not manufactured or used in the Lnited States. 


(C) Hypratep Sopium CARBONATE 


Hydrated sodium carbonate, Na;CQ;-10H.0, is also known as washing 
soda or soda crystals. It is a pure product, but as the cost of transportation 
is high the anhydrous form of sodium carbonate is more important. 


(D) Sopium SEsQUICARBONATE 


Sodium sesquicarbonate, or laundry soda, has the chemical composition 
Na,CO, - NaH€O, -2H,O (a mixture of sodium carbonate with sodium bicar- 
bonate). It is a white uniform powder and, according to 4.S.T.M. specifica- 
tion D-457-39, conforms to the specifications given in Table [X-1. 


TABLE IX-1 
Minimum Maximum 
Total alkalinity as Na,O 39% 43% 
Sodium bicarbonate (NaHCOs;) (ae =. 35% 50% 
Sodium carbonate (Na2COs) —....... 35% 50% 
Matter insoluble in water -- 0.1% 


(E) Soprum BIcaARBONATE 


This is used in small quantities in the soap industry, chiefly for the manu- 
facture of powdered shampoos and as an ingredient in laundry bar soaps. 
It is a solid white crystalline salt of specific gravity 2.2. It loses carbon 
dioxide on heating to become the carbonate. 


2NaHCO; —> NaeCO: + COz t 


Sodium bicarbonate is sometimes used together with paraffin to superfat 
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toilet soap and to eliminate the effect of any free alkali or hydrolytically freed 
alkali on the skin. 


(F) Soprum CarBoNnaTE PERHYDRATE 


A special sodium carbonate is sodiusm carbonate perhydrate, with 14.8/ 
active oxygen. This product is not a true peroxide, but an addition com- 
pound in which crystal water is replaced by hydrogen peroxide. It has found 
considerable use in the soap industry of Germany and Great Britain. In 
Germany, large amounts were used in the manufacture of Persil as soon as 
the borax shortage made the use of perborate unwise. 


(2) Potassium Carbonate 


Potassium carbonate, K,CO;, may be produced from potassium chloride 
by the Leblanc process, but the principal method is by carbonation of elec- 
trolytic caustic potash, or by reacting potassium chloride with magnesium 
carbonate in the presence of excess CO,, producing mixed carbonates of potas- 
sium and magnesium. The insoluble magnesium carbonate is filtered from 
the soluble potassium carbonate. 

Potassium carbonate is strongly hygroscopic, it is deliquescent. Specific 
gravity, 2.33. The commercial grades are 80-85%, 85-90%, 90-95%, and 
96-98%, and they are usually sold in 400-800 Ib. casks. 


(3) Sodium Chloride and Potassium Chloride 


(A) Common Sat 


Common salt is very important for the soap industry as a “salting-out 
agent.” Indirectly, salt is important for the soap industry because it is the 
raw material for the preparation of caustic soda. 

Salt for the soap industry should be of a high grade of purity, and only 
small percentages of magnesium and calcium salts may be present (not more 
than 0.5%). Otherwise the corresponding insoluble salts of the fatty acids 
are formed during the salting-out process in the pan. In addition, salts with 
too high a content of these salts have a tendency to cake, which is very trouble- 
some. 

The chemical and physical properties of sodium chloride (NaCl) are: 
mol, w. 58.45, specifie gravity 2.161, melting point 804°C. Table IX-5 gives 
the specific weight of salt solutions of different percentages. 

The solubility of salt in hot water is only slightly higher than in cold water. 
(At 20°C., 36 parts in 100 parts water; and at 100°C., about 39 parts in 100 


parts water). 


Sp.gr. 


1,0086 
1.0190 
1.0398 
1.0606 
1.0816 
1,1029 
1.1244 
1.1463 


Sopium CarsonatE—DEnsity or Agugous Sotutions aT |20/4°C, & 


Wt. of Na,CO, in soln. 
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g./l. 
10.09 
20.38 
41.59 
63.64 
86.53 
110.3 
134.9 
160.5 


Ibs./gal. 


0.08417 
0.1701 
0.3471 
0.5311 
0.7221 
0.9204 
1.126 
1.339 


TABLE IX.2 


Cu.it. Na,COs, % "Be 
0.6297 1 1.2 
1.272 2 AL 
2.597 4 5.6 
3.973 6 8.3 
9.403 8 10.9 
6,885 10 13.5 
8,424 12 16.0 

10.02 14 18.5 


Factor to convert NaaCOs to NazO is 0.585, 
Factor to convert NacO to NasCOsz is 1.71. 
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°Twaddell 


1.72 
3.80 
7.96 
12.12 
16.32 
20.58 
24.88 
29.26 


Densities or HicHER CONCENTRATIONS OF SopiuM CARBONATE SOLUTIONS? 


Na,COg, % Na,O, % 
10 5.8 
11 6.4 
12 7.0 
13 7.6 
14 8.2 
as) 8.8 
16 9.4 
17 9.9 
18 10.5 
i) 1 
20 11.7 
al 12.3 
22 12.9 
23 13.5 
24 14.0 
25 14.6 
26 15.2 
27 15.8 
28 16.4 

Na,CO,, % Na.0, % 
29 da) 
30 17.5 
31 18.1 
32 18.7 


TABLE IX-3 
Temp. at which Na,CO, at 30°C, 
soln. is satd. 
3, ad 6 Tb./gal. Ib./cu.ft. g./L. 
47.3 8.5 0.92 6.86 109.9 
50.7 10.4 1.02 7.62 122.1 
53.8 12.1 1,12 8.39 134.4 
56.5 13.6 1.23 9,18 147.1 
59.0 15,0 1.33 9,98 159.8 
62.0 16.7 1.44 10.80 173.0 
64.4 18.0 oo 11.62 186.2 
66.7 19.3 1.67 12.47 199.8 
68.7 20.4 1.78 13.33 213.5 
70.7 21.5 1.90 14.21 227.6 
oa 22.6 2.02 15.09 241.7 
74.3 2o.0) 2.14 16.00 256.4 
76.1 24.5 2,26 16.92 271.0 
119 25.5 2.39 17.86 286.1 
79.5 26.4 2.5] 18.81 301.3 
81.0 PYie4 2.64 19.78 316.9 
82.4 28.0 2.78 20.76 332.5 
83.8 28.8 2.91 21.77 348.7 
85.3 29.6 3.04 22.78 364.9 
Temp. at which Na.CO, at 40°C. 
soln. is satd. " 

°F, A Be Tb./gal. Jb./cu.ft.  ¢./1. 
86.5 30.3 3.16 23.65 378.9 
88.0 311 3.30 24.69 395.4 
89.1 pile 3.44 25.73 412.2 
91.9 33.3 3,58 26,80 429.3 


® Courtesy Solvay Process Company. 
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(B) Potassium CHLORIDE 


Potassium chloride is much less important to the soap industry. It is a 
colorless cubic crystallinic powder, or granules, with a molecular weight of 
74.56, specific gravity 1.988, and a melting point of 790°C. Table IX-6 gives 
the specific weight of potassium chloride solutions of different percentages. 
The salt is used for the manufacture of soft or liquid soaps. 


TABLE IX-4 
Porasstum CAaRBoNATE—DENSITY OF AQUEOUS SoLUTIONS AT 20/4°C, 8 


Wt. of K,CO, in soln. 


Sp.gr. G./l. K,CO,, % Be “'I'waddell 
lb./gal. tb./cu.ft. 
1.0072 10.07 0.08405 0.6288 ai 1.0 1.44 
1.0163 20.33 0.1696 1.269 2 2.3 3.26 
1.0345 41.38 0.3453 2.583 4 4.8 6.90 
1.0529 63.17 0.5272 3.944 6 Wea 10.58 
1.0715 85.72 0.7154 5.351 8 9.7 14.30 
1.0904 109.0 0.9100 6.607 10 12.0 18.08 
1.1096 133.2 1.411 8.313 12 14.3 21,92 
1.1291 158.1 1.319 9.869 14 16.6 25.82 
1.1490 183.8 1.534 11.48 16 18.8 29.80 
1.1692 210.5 1.756 13.14 18 21.0 33.84 
1.1898 238.0 1.986 14.86 20 23.1 37.96 
1.2107 266.4 2223 16.63 22 Py 42,14 
1.2320 295.7 2.468 18.46 24 27.3 46.40 
1.2536 325.9 2.720 20.35 26 29.3 50,72 
1.2756 357.2 2.981 22.30 28 31.3 55.12 
1.2979 389.4 3.249 24.31 30 33.3 59.58 
1.3548 474.2 3.957 29.60 35 38.0 70.96 
1.4141 565.6 4.720 35.31 40 42.5 82.82 
1.4759 664.2 5.543 41.46 45 46.8 95.18 
1.5404 770.2 6.428 48.08 50 50.9 108.08 


Factor to convert K»{ 0; to K2O0 is 0.6809 
Factor to convert K.0 to KeCO. is 1.467 


(4) The Soluble Silicates 


The soluble silicates, especially sodium silicate, were for many years the 
most valuable builders in soap manufacture, particularly in bar soaps. Al- 
though its place in the industry is well established, decreased use of bar soaps 
particularly in America, and increased use of powder with their less alkaline 
types of builder, have somewhat reduced their overall importance, although 
on a tonnage basis they probably still exceed any other soap builder in use 
today. 

Before dealing with the different types of soluble silicates now used in the 
soap industry, their manufacture will be discussed. Sodium silicates may be 
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TABLE IX-5 
Sopium CHLoRDE- -Density or Aqueous Sotutions at 20/4° C.8 


Wt. of NaCl in soln. 


Sp.gr. — NaCl, % °Beée “Tl waddell 
g./l. Tb./ gal. Ib./cu.ft. 
1.0053 10.05 0.08390 0.6276 1 0.8 1.06 
1.0125 20,25 0.1690 1.264 2 1.8 2.50 
1.0268 41.07 0.3428 2.564 4 3.8 5.36 
1.0413 62.48 0.5214 3.901 6 5.8 8.26 
1.0559 84.47 0.7056 5.274 8 tee 11.18 
1.0707 107.1 0.8935 6.684 10 9.6 14.14 
1.0857 130.3 1.087 8.134 12 11.5 17.14 
1.1009 154.1 1.286 9.622 14 13.3 20.18 
1.1162 178.6 1.490 11.15 16 15.1 23.24 
1.1319 203.7 1.700 12,72 18 16.9 26.38 
1.1478 229.6 1,916 14.33 20 18.7 29.56 
1.1640 256.1 2.1357 15.99 22 20.4 32.80 
1.1804 283.3 2.364 17.69 24 22.2 36.08 
1.1972 311.3 2.598 19.43 26 23.9 39.44 


obtained by fusing sand and sodium carbonate in a furnace (similar to those 
used for the manufacture of glass). The reaction product is run off from the 
furnace and solidified. The mass is then broken up and ground. If a solu- 
tion of silicates is to be obtained, the ground material is dissolved in water 
under pressure in a rotary dissolver. The ease with which the silicate glass 
may be dissolved always varies according to the ratio of sodium oxide (Na.0) 
to silica (SiO.), which also determines the maximum concentration at which 
the solution is fluid enough to handle. However, solubility may be decreased 


TABLE IX-6 
Potassium CHLoripe-—Density oF AQUEOUS SoLutions aT 20/4° C.8 


Wt. of KCl in soln. 


Sp.gr. = °Be °Twaddell 
g./l. jb./gal. Ib. /cu.ft. 
1.0046 10.05 0.08384 0.6272 i 0.7 0.92 
1.0110 20.22 0.1687 1.262 24 1.6 2.20 
1.0239 40.96 0.3418 2.557 4 3.4 4.78 
1.0369 62.21 0.5192 3.884 6 5.2 7.38 
1.0500 84.00 0.7010 5.244 8 6.9 10.00 
1.0633 100.3 0.8874 6.638 |i 8.6 12.66 
1.0768 129.2 1,078 8.067 12 10.3 15.36 
1.0905 152.7 1.274 9.531 14 12.0 18.10 
1.1043 176.7 1.475 11.03 10 13:7 20.86 
1.1185 201.3 1.680 12.57 18 15.4 23.70 
1.1328 226.6 1.891 14.14 20 17.0 26.56 
1.1474 252.4 2.107 15.76 22 18.6 29.48 


1.1623 279.0 2.328 17.41 24 20.2 32.46 
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by the presence of relatively small amounts of impurities. It is practically 
impossible to dissolve the glass by ordinary means, and, since most industrial 
uses require liquid grades, most of the silicates are sold in solution. Widely 
different grades are produced by changing the proportions of ingredients, by 
regulating the concentration of the solutions, and by special processes which 
impart specific properties. 

The following equation is an example of the reaction taking place in the 
furnace when producing sodium metasilicate from sand (SiO.) and sodium 
carbonate: 


Na.CO; + Si02 > NaeSiOs + COs 
(A) THe PoLystLicaTEes 


The qualities of silicates, either in liquid or solid form, are determined 
mainly by the ratio Na,O : SiO,. The range of commercial grades of silicates 
is between 1 : 3.90 and 3:2, which means a range of a silicate with low 
alkalinity to one of very high alkalinity. For admixture with soap for the 
manufacture of silicated soaps, silicates of the ratio 1Na,0 :3Si0. to 
INa.O : 2.25i0. are preferred. 

A popular brand “N” (Philadelphia Quartz Co.) of silicate for soap 
manufacture is of the ratio 1 : 3.22. If this is taken as a starting point for 
silicate solutions of different ratios, the following quantities of caustic soda 
solution are necessary for converting to other ratios: 


Parts or Caustic or Lye Regt:rep to Give THE INDICATED 
Na2O : SiO, Ratio wirn 100 Parts or “N” Branp 


FRM EMAL SUMNO RRM 25 foc cosccco-scsses Oe a eewasccc essccascvntvoestyeevssusvviseoowats dee’ St) Lee ee le 2D 
Solid caustic (76% NasO), parts 0.95 1.85 3.45 5.85 , 
“Liquid caustic” (38% NaO) 1.90 3.70 6.90 11.70 — # 
36% lye (NaOH) 38.07 5987 1123) 97.93 
30% lye (NaOH) 3.90 7.59 14.26 22.77 


The characteristic of a number of brands of silicates for soap manufacture 


are as follows (Philadelphia Quartz Co.) : 


Ira ty daiassssssarctarcoas casgeartartntessscoorbastesivsacte onnstunsceavastensazsasces “ne uke Ue Ma Or 


Sodium oxide (Na:0), % 8.9 11.0 13.8 18.0 
Silica (SiOz), % 28.7 31.9 33.1 36.0 
Water, % 62.1 57.0 52.0 46.0 
Ratko Nav: Si@, soe 1:23.90 1;2.44 1 22.00 
Baume 41 AT 53 59.3 


The standard method of soapmakers is to take one brand of silicate and 
transform it into a silicate of the desired ratio, as already described. On the 
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other hand, the use of a prepared alkaline silicate has several advantages: 
(1) The soapmaker is saved the labor and other costs involved in making up 
the caustic solutions to be added to the silicate. (2) Separate storage tanks 
for causticized silicates are not required. (3) The proportions of Na.O and 
SiO, of the prepared silicates are carefully controlled. To obtain equivalent 
control the soap manufacturer must analyze each mixture he makes and cor- 
rect by the addition of one or the other solution as necessary. (4) The reac- 
tion between the caustic and the silicate is slow and a period of at least 24 
hours should elapse before the mixture is used. No matter how carefully 
the caustic is added to the silicate, under the conditions ordinarily prevailing 
in soap plants, there is usually some chance that the complete reaction will 
not take place. Any silicate more siliceous than “C” Brand (Na,O : 2Si0z2) 
will reduce the free alkali in the soap. Causticized silicate which has not 
fully reacted may introduce free alkali into the soap. 

Table IX-7 gives the properties of various silicate solutions, 

Fig. IX-1 gives the pH for silicates of soda of various Na,O : SO, ratios.” 

The actual process of incorporating silicates into the soap will be described 
in a later chapter. 


(B) Tue METASILICATES 


Even if the silicates of more alkaline character are usually not incorporated 
into the soap itself, they are very often used as detergents, either alone or in 
combination with soap or other detergents. It is thus worthwhile to describe 
some of these high alkaline silicates here. 

Different types of powdered or granular silicates of a ratio 1:1 or of 
greater alkalinity are on the market, Snell‘? describes the principles of the 
production of silicates of the 1:1 or higher alkaline type as follows: 


“A solution of sodium metasilicate of the theoretical composition deposits crystalline 
hydrates when concentrated to 50 per cent. Solutions less alkaline than the metasilicate 
will not crystallize, although they can be spray congealed. Whe crystallization occurs 
from a solution more alkaline than the metasilicate, the crystals are of metasilicate, but 
with each addition of alkali resultine in a lower hydrate. Thus a solution containing 
10.5 grams of NasSiOs, 54.5 grams of water and 40 grams of sodium hydroxide deposits 
the 9-HsO compound, but increase of the sodium hydroxide to 60 grams results in the 
6-H2O0 compound. The orthosilicate cannot be crystallized from solution. Substantiated 
hydrated metasilicates are NasSiOs, 5H.0; NasSiO:, 6H.0; Na SiOs, 8H20 and NasSiOs, 
9120. The melting points are 72.2, 62.85°, 48.35° and 47.85° respectively. On long 
heating at 100°, sodium metasilicate is dehydrated to about 1.5 molecules of combined 
water. 

“Basically methods of production of the hydrates are by crystallization or solidifica- 
tion of the theoretical composition with the proper moisture content. This may be pro- 
duced by addition of alkali to the more siliceous silicates. In solidifying the composition 


92C. J. Jeglum, Chem. Industries, 54 (Oct., Nov., 1941). 
10 fF, D. Snell, Soap, 16, No. 10, 29 (1940). 
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it is preferable to hold at a temperature just under the melting point of the desired hy- 
drate. Trade products whether crystallized or congealed approximate the 5-hydrate. 
“Sedium sesquisilicate crystallizes from a solution containing 19 per cent of Na2SiOu, 


TABLE IX-7 


Sopium SiricatE—Density or Aqueous Sotrrions aT 204° C.8 


Wy Kad 


cnt a Be ee oe Ne plas ° 0 
ia g./1. Ib./gal. Ib. /eu. ft. 2 SiO, te peca 
1.007 10.77 0.08404 0.6287 1 1.0 14 
4.016 20.32 0.1696 1,269 Zz 2.3 3.2 
1.035 41.40 0.3455 2.585 4 4.9 7.0 
1,054 63.24 0.5278 3.948 6 74 10.8 
1.073 85.84 0.7164 5.359 8 9.9 14.6 
1.093 109.3 0.9122 6.824 10 12.3 18.6 
EGS: 133.0 1.115 8.338 122 14.7 22.6 
1.134 158.8 1.325 9.911 14 lal 26.8 
1.156 185.0 1,544 11.55 16 19.6 31.2 
1.178 212.0 1.770 13.24 18 219 35.6 
1,200 240.0 2.003 14.98 20 24,2 40.0 
1,223 269.1 2.245 16.80 22 26.4 44.6 
1,247 299.3 2.498 18.68 24 28.7 49,4 
1,27] 330.5 2.758 20.63 20 30.9 54.2 
1,296 362.9 3.028 22.65 28 Boal 59.2 
V321 396.3 3.307 24.74 30 35.2 64,2 
1.346 430.7 3.595 26.89 32, 37.3 69.2 
1.371 466.1 3.890 29.10 34 39.2 74.2 
1,397 502.9 4.197 31.40 36 41.2 79.4 
1.423 540.7 4.513 33.76 38 43.1 84.6 
1.450 580.0 4.840 36.21 40 45.0 90.0 
1.520 684.0 5.708 42.70 45 49.6 104.0 
1.594 797.0 6.651 49.76 50 54.0 118.8 
1.673 920.2 7.679 57.44 aby 58.3 134.6 
apes ae: of Na.O 24 S103 iu sulin, 7. NaxO plus ong RON 
g./l. Ib./gal. Tb./cu.ft. ee] 
1.285 359.8 3.003 22.46 28 32.2 57.0 
1.309 392.7 3.277 24.52 30 34,2 61.8 
1.334 426.9 3.562 26.65 32 36.3 66.8 
1.360 462.4 3.859 28.87 34 38.4 72.0 
1.378 499.3 4.167 31.17 36 40.5 TWA 
1.415 BEYey/ 4.487 33.57 38 42.5 83.0 
1.445 578.0 4.824 36.08 40 44.7 89.0 


33 per cent of sodium hydroxide and the balance water. The crystallized product may 
be expressed as NasSi2O,, 11H:0; NaSiO;, NasSiO., 11H:O or Na;HSiO,, 5H:0. On 
heating it is altered to other compounds before reaching its metastable melting point 
which is around 80-90°. The melting point of the dehydrated material is about 1122°. 
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“Commercial sodium orthosilicate may be either a solidified anhydrous material or 
a congealed hydrated product... . 

“For convenient reference Table IX-8 shows the composition of the various hydrates 
of the silicates expressed in terms of Na20, SiOz, and H2O with equivalent figures for 
soda ash and caustic soda. 

“Such hydrates must be kept in tight containers as even sodium metasilicate gains 
or loses moisture at atmospheric pressure’? and absorbs carbon dioxide. . . .” 


A special type of metasilicate was developed under the name of Drymet.” 
As the name implies, this is a commercial dry anhydrous sodium metasilicate 
in powder form which is readily soluble in water. Since this type of metasili- 
cate is anhydrous, it may be mixed with powdered NaOH to form sili- 
cate—caustic mixtures of any desired proportion. The crystalline detergent 


Fig. IX-1. pH curves for silicates of soda of various 
ratios.2° (Courtesy Philadelphia Quartz Co.). 


silicates containing water have limited the ratio Na,O:SiO, of solid silicates 
chiefly to the following types: metasilicate Na,O - SiO, ° 5H.O, sesquisilicate 
3Na,0:2Si0,°H,0. The only water-free silicate was the orthosilicate 
2Na,0:Si0,. 

Detergent sodium silicates differ widely among themselves, however, in 
cleaning properties—especially at production speed—-and the efficiency of a 
detergent compound designed on a sodium silicate base is quite large de- 
termined by whether or not the base material is in optimum Na.0:SiO. 
balance. 


The anhydrous condition of the metasilicate makes it possible to produce 
mixtures of metasilicate with caustic NaOH or with any alkaline builder to 
give the optimum effect for the special purpose. 


11 J. G. Vail, Soluble Silicates in Industry, Reinhold, New York, 1928, p. 126. 
12 The Cowles Detergent Co., Cleveland, Ohio. 
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(C) Devrercent Errect oF ALKALI SILICATES 


The detergent effect of alkali silicates was studied by Liddiard.1* 

Silicates form good buffering solutions in alkaline detergents and provide 
a means of economy in detergent consumption. The free hydroxyl ions are 
only released as required from the nonionized molecules in solution. Since it 
is the hydroxyl ion which is largely used up in cleaning processes of this 
kind, the fall is gradual, with a steady release of silicate ions, or of micelles 
of silicate ions with hydrated silica molecules. These charged bodies play a 
very important part in the deflocculating of solid residues, resulting in a 
colloidal suspension. ‘The important thing is that the action is reversible; 
as the hydroxy! ions are removed, more are forthcoming from the hydrolysis 
of the silicate. 


TABLE IX-8 


Composition or Hicuer Smnicates AND Known HypbrATES WITH 
NaOH anp NazCO; ror Comparison 


Na,O SiO, H,0 
NaOH = 77.5 22.9 
Na SiO, 67.4 32.6 
NaaSi207 = 60.8 39.2 
NasSicO7+ HLH20 (NasHSiO, - 5H20) 36.9 23.8 39.3 
Na-SiGh, 50.8 49,2 
Na, SiO, « S120 29.3 28.5 42.2 
NasSiOs - 6H20 26.9 26.1 47.0 
NasSiOs - 8H20 23.3 22,5 54.2 
NazSiOs : 9H.0 21.9 21.1 57.0 
NaeCOs Spoon aan = 58.5 = 


The great difficulty in the practical use of the silicates is their high alka- 
linity when employed in the proper ratio to yield good detergent solutions. 
For a detailed discussion of the detergent effect of silicates and other builders, 
see Chapter XXX, 

Among the methods of studying the surface activity of compounds is the 
measurement of contact angle against some particular surface. The wetting 
of a wax deposit by alkaline solutions has been studied and the contact angles 
measured. These are given in Table IX-9 for solutions equivalent to 1% of 
Na,O, against a paraffin wax surface at 18°C. 

These values show caustic soda and other alkaline salts to be very poor 
wetting agents for paraffin wax as compared to the silicates, and indicate the 
efficiency of the latter material in the cleaning of metal surfaces, etc. 


‘9 P. D. Liddiard, Chem. Age, 51, 317-20 (1944), through Soap, 20, No. 12, 63 
(1944) . 
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(D) ASTM Specirications For METASILICATES 


The ASTM specification for sodium metasilicate (Designation D537-41) 
and sodium sesquisilicate (Designation D504-41) are given here in an 
abridged form. It will be noted that the ASTM Specifications deal with the 
meta- or sesquisilicates in their crystalline form. 


1. These specifications for sodium metasilicate cover materials suitable for various 
washing, cleaning, and scouring processes, with or without soap as conditions demand, 
and where a moderately strong alkaline material is desired. 

2. Sodium metasilicate shall be a white uniform product in either granular or crys- 
talline form as specified by the purchaser. 


TABLE IX-9 

F Contact angle, 
Alkaline compound degrees 

Liquid silicate, NaoO : SiO. 1: 3.3 Less than 10 
Liquid silicate, Na2O : Si0., 1:2 40.5 
Sodium metasilicate 54.0 
Sodium sesquisilicate 54.5 
Sodium orthosilicate 50.0 
Trisodium phosphate 70.0 
Sodium carbonate a 102.0 
Sodium hydroxide 104.0 


8. Sodium metasilicate, as received, shall conform to the following requirements as 
to chemical composition: 


Minimum Maximum 
Sodium metasilicate, cale. as Na»SiO;-5H:0, % 98.0 - 
Total alkalinity as Na-O, to methyl orange, % 28.5 30 
Total silica as SiOz, % 21) 29 
Matter insoluble in water, % Sines eee Pe, = 0.2 


4 (a). Sodium metasilicate shall be purchased by net weight, but in the event of 
weight shortage it shall be recognized that sodium metasilicate is subject to a possible 
gain or loss of weight due to atmospheric or storage conditions, or both. Therefore, the 
calculation of net weight shall be based upon a product containing 98% of sodium meta- 
silicate (calculated as NasSiO;:5H.O). The net weight of the material to be paid for 
shall be calculated as follows: 


W=RXT/98 


where 7 =net weight of the material to be paid for, R=net weight of material as re- 
ceived, and 7 =total sodium metasilicate calculated as NaeSiOs - 5H20. 

4 (b). In the event that the calculation under paragraph 4 (a) results in a figure 
ereater than 100%, the seller waives the right to invoice the purchaser for any amount 
in excess of 100%. 
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1. These specifications for sodium sesquisilicate cover material suitable for various 
washing, cleaning, and scouring processes, with or without soap as conditions demand, 
and where a strongly alkaline material is desired. 

2. Sodium sesquisilicate shall be a light-colored, uniform, granular product and 
shall be furnished in airtight containers. 

3. Sodium sesquisilicate, as received, shall conform to the following requirements 
as to chemical composition: 


Minimum Maximum 
Sodium sesquisilicate, calc. as 3Na,0 - 2Si0.- 11H.0, “ 97.0 — 
Total alkalinity as Na2O, to methyl crange, 7 35.5 37.5 
Total’ silica as SiO:, % ————__ 22.5 
Matter insoluble in water, % — 0.2 


4. Sodium sesquisilicate shall be purchased by net weight. 


pl 


Concn., % 


Fig. IX-2. The pH of various alkali solutions 
charted according to per cent concentrations®# 
(Courtesy Philadelphia Quartz Co.). 


Sampling and analyzing of these materials should be carried out in 
accordance with ASTM methods, which will be described in Volume II. 
The crystalline sodium metasilicate Na,O - SiO. -5H.O or Na.SiO;°5H,0 has 
a melting point of 71.8°C. and the anhydrous metasilicate Na.O- SiO, 
(Na.SiO.) has a melting point of 1088°C. 

At this stage it would be interesting for the reader to compare the pH 


values of different silicates with that of trisodium phosphate and soda ash 
(Fig. IX-2). 
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(E) Potassium SILIcaTEs 


The potassium silicates are much less important for the soaper than the 
sodium silicates. Even for the manufacture of a “filled” soft potash soap, 
sodium silicate may be used instead of potassium silicate, but in this case 
potassium silicate has the advantage that the character of a potassium soap 
remains unchanged. For filling of “figged” soft soap with silicates only 
potassium silicate can be used. In addition, potassium silicate has many 
advantages for the manufacture of liquid soap. 

The manufacture of potassium silicate is, in principle, the same as the 
manufacture of sodium silicate, the corresponding potassium compounds being 
used instead of sodium compounds. Because of the relative scarcity of potas- 
sium salts, potassium silicates are more expensive than the sodium silicates. 
The most usual form of potassium silicate for the soap industry is a solution 
of about K.0:2S5i0,. A typical analysis (Philadelphia Quartz Co.) is: 


K.O 12.70% 
SiO, 25.99 % 
I[.0 60.839 
Heavy metals 0.30% 
Ratio Si0.:K:0 __ 2.04 


A potassium disilicate (K,0:2Si0,) and a trisilicate (K,0:35i0.) are also 
on the market. 


(5) Alkali Phosphates 


The alkali phosphates have long been used as soav building materials. 
Within the past fifteen years, however, there have been developed a number of 
new type complex phosphates of low pH values having very high lime soap 
sequestering power, which have practically displaced the trisodium salt en- 
tirely as soap-building material, although the latter still functions in a wide 
variety of industrial cleaning operations and as a water softener, as already 
mentioned, The sodium phosphates are manufactured by reacting Na.CO, 
and or NaOH with phosphoric acid, H.PO,. The manufacture of trisodium 
phosphate, Na.PO, - 12H.O, is given as an example. 


(A) Trisoptum PHospuate (TSP). ASTM SpeciFicaTIons 


The reaction of phosphoric acid and sodium carbonate forms the disodium 
phosphate: 


H.PO, + Na.CO, — Na.HPO. + €Q,+ H.O 


The third hydrogen is neutralized with the caustic sod solution, with the 
formation of trisodium phosphate: 


Na:HPO, . NaOH —* NasPO, + H.O 


170 B. RAW MATERIALS 


Trisodium phosphate, Na:PO,12H,0, is a colorless crystalline powder, 
having a specific gravity of 1.644 and a melting point of 73.4°C. Anhydrous 
NasPO, is a colorless powder with specific gravity 2.537 and melting point 
1340°C. 

Anhydrous trisodium phosphate (TSP) slowly absorbs water from the 
air, resulting in a considerable increase in volume because of the great differ- 
ence in specific gravity of the anhydrous and crystalline TSP. Therefore, 
the anhydrous TSP should be stored in closed containers protected from 
humidity variations. 

The solubility of trisodium phosphate in water is roughly 10% by weight 
of Na;PO, at 20°C. and 45% at 100°C. The A.S.T.M. Specification for tri- 
sodium phosphate (D538-44 abridged) is as follows: 


1. These specifications cover material suitable for various washing, cleaning, and 
scouring processes, with or without soap as conditions demand, and where a moderately 
strong alkaline material is desired. 

2. Trisodium phosphate shall be a white uniform product in either flake, granular, 
or crystalline form as specified by the purchaser. 

3. Trisodium phosphate, as received, shall conform to the following requirements 
as to chemical composition: 


Minimum Maximum 


Trisodium phosphate, calc. as Na;PO,-12H.O, from P20; % 97 

Total alkalinity as NasO, to methyl orange, % 16 19 
Phosphoric anhydride (PO;), % 18.1 - 
Matter insoluble in water, Yoroo2 2.5 — Of. 


4 (a). Trisodium phosphate shall be purchased by net weight but in the event of 
weight shortage it shall be recognized that trisodium phosphate is subject to a possible 
gain or loss of weight due to atmospheric or storage conditions, or both. Therefore the 
calculation of net weight shall be based upon a product containing 97 per cent of tri- 
sodium phosphate (calculated as Na. PO;-12H.O from the determined P:O;). The net 
weight of the material to be paid for shall be calculated as follows: 


W=RxT/97 


where WV =net weight of the material to be paid for, R-. net weight of material as re- 
ceived, and 7'- total trisodium phosphate calculated as NasPO:- 12H20. 

4 (b). In the event that the calculation under paragraph 4 (a) results in a figure 
greater than 100 per cent, the seller waives the right to invoice the purchaser for any 
amount in excess of 100 per cent. 


(B) TETRASoDIUM PyropHosPHATE (TSPP). ASTM SpErcIFICATIONS 


This important sodium phosphate is derived from the disodium phosphate 
by controlled dehydration as follows: 


heat 
2NaHPO: —> Na,P:0; + H20 
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Sodium pyrophosphate exists cither in a crystalline form as 
Na,P,0,° 10H,0 or in an anhydrous granular or powder form. The anhy- 
drous form is the more common. 


The A.S.T.M. Specifications (D595-45) for this compound are: 


l. These specifications for tetrasodium pyrophasphate (anhydrous) cover material 
suitable for various washing, cleaning, and scouring processes with soap or other de- 
tergents, where a mildly alkaline material, with appreciable water softening properties, 
is desired. 

2. Tetrasodium pyrophosphate (anhydrous) shall be a white uniform product in 
either granular or powdered form as specified by the purchaser. 

3. Tetrasodium pyrophosphate (anhydrous), as received, shall conform to the fol- 
lowing requirements as to chemical composition: 

Tetrasodium pyrophosphate, calc. as Na;P20,, % 97.5* (min.) 
Matter insoluble in water, % 0.20 (max.) 

4 (a). Tetrasodium pyrophosphate (anhydrous) shall be purchased by net weight. 
When, however, duc to hygroscopicity the tetrasodium pyrophosphate content is less than 
97.5 per cent, a corresponding gain in weight of the package shall be expected, and the 
net weight shall be based on a product containing 97.5 per cent of tetrasodium pyro- 
phosphate. The net weight of the material to be paid for shall be calculated as follows: 


PW =RxT/97.5 


where WV - weight of the material to be paid for, R=net weight of material as received, 
and J =total tetrasodium pyrophosphate calculated as percentage of Na.P.O,. 

4 (b). In the event that the calculation under paragraph 4 (a) results in a figure 
greater than 100 per cent, the seller waives the right to inveice the purchaser for any 
amount in excess of 100 per cent. 

5. Material which has picked up sufficient water, as indicated by loss on ignition, to 
reduce the tetrasodium pyrophosphate content to 95 per cent or lower, may be rejected 
at the option of the purchaser. 


(C) Properties oF Trisopium PHOSPHATE AND TETRASODIUM 
PYROPHOSPHATE IN SOLUTION 


Gillet** reported on the properties of the main orthophosphate, trisodium 
phosphate (TSP). 

It is an alkaline salt which, in 1% solution, yields a pH of 12 at room 
temperature. It lends a slippery feeling to water and increases its wetting 
power. It has considerable emulsifying power, although the emulsions are 
not ordinarily permanent. It has certain specific dissolving power, but the 
most obvious and probably the most valuable function it performs is that of 
softening water. 


Like soap, trisodium phosphate is a water softener, and its action is like 


* When the sample is taken at other than the place of manufacture, it shall be rec- 
ognized that tetrasodium pyrophosphate (anhydrous) is slightly hygroscopic. In the 
case of shipments in which the tetrasodium pyrophusphate cuntent 1s less than 9/.0 per 
cent, reference should be made to Section 5. 

14 J. M. Gillet, Soap, 15, No. 1, 25, 26, 69 (1939). 
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that of soap. Each combines with the soluble calcium and magnesium salts in 
hard water to form insoluble compounds. The calcium and magnesium salts 
of soap, however, are slimy, sticky materials that adhere to textile fibers, 
washing machines, and anything else with which they come in contact (see 
Chapter XX XIII, 1). 

As stated, when trisodium phosphate reacts with the calcium and magne- 
sium in hard water, it converts them into insoluble calcium and magnesium 
phosphates. These phosphates drop out of solution and on standing gradually 
settle to the bottom of the container. They are not sticky or slimy, and do 
not adhere to the fibers. The calcium and magnesium are blocked out, so 
to speak, and cannot interfere with the foaming or detergency of soap. 

This effect gradually wears off because the calcium phosphates are more 
soluble than the calcium soaps, and, in time, the insoluble soaps form at the 
expense of the phosphates. 

Trisodium phosphate present in built soaps is in the form of crystals (con- 
taining about 54% water of crystallation) which are readily soluble and tend 
to dissolve more quickly than does the soap. In combination with soap, tri- 
sodium phosphate exhibits all the cleansing properties that characterize its 
use without soap, and has, as well, other values as an aid to soap: it neutralizes 
acid-acting substances which might react with the soap and liberate free fatty 
acids; it tends to repress the adsorption of soap on the fibers of goods being 
washed, and thus conserves the soap for surface tension phenomena and 
sudsing. Trisodium phosphate is particularly valuable in those territories 
where hard water is common. However it should always be borne in mind, 
that trisodium phosphate is very strongly alkali, which fact limits its use to 
“heavy duty” soap or detergent powders. 


(D) TETRASODICUM PYROPHOSPHATE 


The properties of sodium pyrophosphate (TSPP), Na,P20;, are in some 
respects quite different from those of the orthophosphate.** TSPP has a 
powerful peptizing action and a marked specific solvent action on certain 
organic materials such as gums and waxes. It has a strong sequestering 
power for iron dissolved in water, and has a colloidal effect upon the soap, 
which can be observed in the increase of the lathering power and detergency 
of the soap. 

To peptize means to impart to minute particles of solid matter a tendency 
to repel each other so that small particles do not coalesce and form larger 
particles. This can be demonstrated hy dissolving a mixture of trisodium 
phosphate and sodium pyrophosphate in hard water, for example, 80 parts of 
trisodium phosphate and 20 parts of the pyrophosphate. If trisodium phos- 
phate alone is used, a fine precipitate forms which, on standing, tends to coagu- 
late into larger particles and eventually settles to the bottom of the container, 
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leaving a clear, soft water above. In the presence of the pyrophosphate, 
however, the precipitate that forms at certain concentrations does not set- 
tle on standing and does not clear up. This is because the small particles 
of insoluble phosphate are peptized and remain in suspension. 

Pyrophosphate has the power to keep iron in solution and to dissolve iron 
oxide that has been freshly deposited on fabrics. It is found. for example, 
that, if iron oxide in hydrated form is digested at 40°C. for one hour, in water 
containing sodium pyrophosphate, 1 g. of ferric oxide will be dissolved for 
each 4 g. of anhydrous sodium pyrophosphate in the solution. This means 
that, wherever wash water contains iron, the presence of pyrophosphate will 
tend to prevent it from depositing in and discoloring the goods being washed; 
in many cases, this makes all the difference between white clothes and yellow 
clothes. This is important for household washing, for laundries, and in indus- 
trial plants where the discoloration by iron is always a difficult problem to 
overcome. Soaps containing sodium pyrophosphate, therefore, are especially 
effective in these iron water districts. 

In soft, iron-free water the effect of these phosphates has no marked effect 
on the detergent effect of soap, but in hard and or iron-containing water the 
effect of pyrophosphate is easily noticeable. It is interesting to note that the 
pyrophosphates have a softening effect much stronger for magnesium salts 
than for calcium salts. The same interesting phenomenon will be seen again 
when we have to deal with some special phosphates later on. 

At pH 10.2, the normal pyrophosphates are stable in solution over long 
periods of time and hydrate to the orthosphosphate very slowly, even at ele- 
vated temperatures. Increasing the alkalinity retards this reversion, while de- 
creasing it increases the rate of conversion. This makes possible the incor- 
poration of the pyrophosphates with soaps in the kettle or in the crutcher and 
long storage on the shelves without a measurable loss or >flectiveness due to 
hydration. 

It is of great advantage in many cases to use tetrasodium pyrophosphate 
(TSPP) as well as trisodium phosphate (TSP) in combination with water 
glass as a soap builder. The results of a series of washing tests with soap 
with 10-15%. TSPP in combination with about equal or ..5 parts of sodium 
silicate (1:3.25 Na.O:SiO, calculated as anhydrous) are summarized as fol- 
lows:*° 


(1) Tetrasodium pyrophosphate, when it constitutes 10-15% of the soap mixture, 
saves soap to the extent of 20-30% by completely preventing the magnesium ion (in un- 
softened water) from precipitating soap. At higher level a partial elimination of the 
calcium ion also results. 


(2) It reduces the insoluble soap content of the wash water sy 20-30% because it 
reduces the magnesium and calcium ion content of the solution to this amount. 


te J, Janota and H. H. Hull, Oil & Soap, 17, 96-100 (1940). 
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(3) Because of these facts, more soap is made available for washing and dispersing 
the solids and less insolubles are present to complicate dirt removal, resulting in better 
washing solutions at no additional cost. 


In another paper‘® the detergent properties of TSP and TSPP were again 
investigated thoroughly. Combinations with silicates of different composi- 
tion in different proportions of TSP and TSPP were tested. A general con- 
clusion from these papers is that TSP and TSPP greatly improve the detergent 
efficiency of built soap-containing silicate. For a more detailed discussion 
of the detergent efficiency of builders, see Chapter XXX. 

Another valuable property of the pyrophosphate ion is its influence on 
the decomposition of hydrogen peroxide solutions, which it stabilizes quite 
appreciably, exerting its maximum effect at pH values between 9 and 10. 
Tetrasodium pyrophosphate, Na:P,0;, is therefore employed frequently in the 
bleaching of woolen goods with hydrogen peroxide, or with the equivalent 
sodium peroxide and sulfuric acid (see Chapter XIII, 3). 

To complete this section on itetrasodium pyrophosphate Table IX-10 is 
given showing interpolated solubility values.’ 


TABLE IX-10 
Temp., °C. _ 0 20 40 60 80 100 
NaP20,, g./100 g. H.O 22, 5.5 10.9 25.6 56.7 43.5 
Na.P.0;, % by wt. in satd. soln. 2, Die 9.8 19.7 36.2 30.3 


A special pyrophosphate is sodium pyrophosphate perhydrate with 9.0% 
active oxygen. This product, which is not a pure peroxide but an addition 
compound holding hydrogen peroxide in partial replacement of water of 
crystallization, is of potential interest as an addition to soap because of its 
water-softening properties. At the same time, active oxygen becomes avail- 
able from such a soap or its solution. 


(E) Soprum HExaMETAPHOSPHATE 


Sodium hexametaphosphate, (NaPO )., molecular weight 611.82, which 
is usually available in the form of slowly dissolving glassy plates or rapidly 
dissolving thin flakes, is made commercially by fusing monobasic ortho- 
phosphate {NaH.PO,) and cooling quickly: 


6NaH-PO, — (NaPO;)6+ 6H20 


Of course the water evaporates during fusion. As mentioned earlier, 
sodium hexametaphosphate {or Graham's salt) is used for water softening, 


16 J, C. Harris, J. R. Eck, and W. W. Cobbs, Oil & Soap, 17, No. 1 (1940); Oil & 
Soap, 19, No. 1, 3-13 (1942). 
17H. Menzel and L. Sieg, Zt. Elektrochem., 38, 283 (1932). 
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but it also is useful in the soap and detergent industry because it has a strong 
sequestering effect on the calcium and magnesium salts in ordinary water. 
The water is, in a sense, not actually softened by removing the calcium or 
magnesium salts as precipitates, but the alkaline earths are prevented from 
flocculation or precipitation (e.g., with soap) by the use of metaphosphate. 
The water is “normalized.” This “sequestering” property of metaphosphate 
distinguishes it from trisodium phosphate, which precipitates the calcium and 
magnesium salts as insoluble phosphate. Whereas trisodium phosphate soft- 
ens water by removing these impurities as insoluble precipitates, metaphos- 
phate holds them as soluble complexes which have no detrimental action. 
Thus, a washing solution containing soap and metaphosphate in hard water 
is as clear as a solution of distilled water and soap. 

By the use of sodium metaphosphate, the problem of insoluble soaps is 
eliminated, for since no curds are formed in the solution, none can adhere to 
the fibers nor to the washing equipment.’* It is often used in laundry work 
to rinse goods which may have picked up some insoluble calcium or magnesium 
soap from the wash solution. This rinse then removes the insoluble soaps from 
the fabric. It is self evident from these properties that hexametaphosphate 
has many advantages that make it a valuable ingredient for incorporating 
in washing soap cakes or soap powder. 

Sodium hexametaphosphate has a pH of 6.7 in 170 aqueous solution, but 
it can be used with alkaline soap builders and, or soap at a pH of 8.5. At low 
pH values, or at values over 8.5, it slowly reverts to the orthophosphate and 
loses the sequestering power. It is this instability that prevents its large-scale 
use in soap products; however, it is used chiefly as a separate adjunct to them. 


(F) Soprum TETRAPHOSPHATE 


Another type of sodium phosphate is the anhydrous sodium salt of 
tetraphosphoric acid, Na,P.O,;,°° formed by heating mono- and disodium 
phosphates together: 


2NaH.PO, + 2NazHPO. —> NasP10;3 + 3H2O 


It contains, theoretically, 39.6). Na,O, and 60.4% P,O;. It is a nonerystal- 
line glassy substance sold to the detergent industry as beads. Specific gravity 
of the glass is 2.55; the approximate fusion point is 000°C. The compound 
is permanently stable in its dry form, but it is slightly hydroscopic and absorbs 
moisture from the air. 

In contrast to sodium hexametaphosphate, sodium tetraphosphate is a mild 
alkali and has a pH of 7.9 in 1% solution. 


18 J. M. Gillet, Soap, 15, No. 1, 69 (1939). : 
19 We are indebted to Messrs. Rumtord, Chemical Works, ior their permission to 


use some information contained in their publications. 
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The comparative pH of polyphosphate solutions at 25°C. is shown in Fig. 
IX-3, 

The effect of NasP,0,; on calcium and magnesium is in a sense similar to 
that of metaphosphates; it both sequesters alkaline earths and keeps them in 
solution. Besides, it has a sequestering power upon heavy metals such as 
iron, nickel, etc.; this property is important for laundry work. 

In solution, NagP.O,; has stability properties similar to those of the meta- 
phosphate class; depending on the lower or higher temperature of the solu- 
tion; it slowly reverts to the orthophosphate salts. Higher temperatures hasten 
this process of reversion, as do alkaline salts. But in ordinary washing solu- 
tions, NasP.O,. retains its sequestering power for calcium and magnesium, 
even at about 65°C. for 30-40 hours. 


pH 84 


“J 


GIS Ol O24 G5 18 20 49 
Concn., % solids 
Fig. [X-3. pH of polyphosphate solutions at 25°C. (Courtesy Rumford Chemical Works.) 


(G) Soprium TRIPOLYPHOSPHATE (STPP) 


This phosphate is by far the most important developed to date as a builder 
for detergent products because of its high lime soap sequestering power coupled 
with its low pH of 9.7 in a 1° aqueous solution. It is of particular use in 
synthetic detergents where the builder plays a more important role than 


it does in soap-base products. It is formed by controlled dehydration of a 
mixture of mono- and disodium phosphates according to the reaction: 


2Na2HPO, + NaH2PO, — Na-Ps0. + 2H-0 
STPP is relatively nonhygroscopic, accordng to the data of Trexler.?° 
20M. V. Trexler, Soap & Sanit. Chem., XXVI, No. 7, 40, 41 (1950). 
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Sodium tripolyphosphate sequesters lime soap by precipitation, similarly 
to the action of TSPP and TSP and unlike the complex-forming reaction of 
the hexametaphosphates. It is a better sequestering agent for Ca ~ than is 
tetrasodium pyrophosphate, but slightly inferior to it in sequestering Mg *. 

Cold water solubility is excellent. Some data from the above reference 
follows : 


Formula : Na-P O10 
Mol. wt. 367.9 
PH of 1% soln. 9,7 
P:03 (theor.) 57.9 
Solubility 
ate25eaG. wta Yo 15.3 
Ee Orns Way eens 16.2 


(H) Porasstum TETRAPYROPHOSPHATE AND PoTassIUM TRIPOLYPHOSPHATE 


To conclude our description of alkali phosphate soap builders we want to 
mention tetrapotassium pyrophosphate, K,P.0;:3H,O (mol. wt. 384.39), 
which is the only potassium phosphate that has found important use as an ad- 
dition to liquid soaps and shampoos. It is a very hygroscopic salt and must 
be stored in closed containers. 

The effect of potassium tetropyrophosphate is in principle the same as that 
of tetrasodium pyrophasphate. Its ready solubility and its closer relation to 
potassium soaps makes it especially suitable for liquid soaps. The potassium 
salt of the tripolyphosphate, K;P;0;, can be prepared, but its uses are still 
under investigation. 


(6) Borax 


Borax serves as a mild detergent.?* Chemically, it is Na.B,O-- 1011.0. 

Formerly, the borax supply of the United States was derived principally 
from the minerals borax, colemanite, and ulexite. Most of this supply is 
now obtained from the mineral kernite (also called rasorite), which occurs 
in large deposits in Kern County, California. Kernite is sodium tetraborate 
with only 4 molecules of water of crystallization (Na.B,O,'4H,O). The 
material is mined and dissolved in water; the solution is filtered to remove 
clay; and the water is allowed to evaporate until recrystallization takes place. 
Owing to the greater content of water of crystallization, about 1.4 tons of pure 
borax can be produced from | ton of pure kernite. 

Specifications require that the detergent grade shall contain not less than 
99.0% borax calculated on the above formula and should be entirely soluble 
in water. Specific gravity is 1.69. 

A very important quality for some special purposes in the soap industry is 


21F, W. Smither, Washing, Cleansing and Polishing Materials, U. S. Dept. of Com- 
merce, Circular C424, Washington, 1939, p. 23. 
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its solubility in glycerine, and its dermatological properties in combination 
with soap (see Chapter XX, 3). Borax is used in combination with powdered 
toilet soap in dispensers, usually in a proportion of 1 part anhydrous soap to 
3 parts of borax.” It finds wide application in cosmetics, soaps, shampoos, 
shaving soaps etc. Borax also has water-softening properties. 


(7) Sodium Perborate 


Sodium perborate, NaBO,- 311,0-1H,O, (less correctly NaBO; : 4H,0), 
is on the market as white granules or as a crystalline powder. It decomposes 
on exposure to heat and moisture when the oxygen of the hydrogen peroxide 
contained in the molecule is released. This release of oxygen makes the 
compound useful as a bleaching agent (see Chap. XXVI). On the Continent, 
especially in Germany, it is widely used as an addition to soap powder-—up 
to 10% which corresponds roughly to 0.9-1% available oxygen. But it is 
also used in the United States for special detergents, toilet preparations, dental 
compositions, and special shampoos. Sodium perborate is listed in the 
Pharmacopoeia of the United States, which specifies a content of not less than 
86.5% of NaBO, -4H.0, or about 9% available oxygen. 

The modern German process for the production of sodium perborate has 
two stages. In the first stage, borax and sodium carbonate are dissolved in 
water to the proper concentration to yield the simple sodium borate 
NaBO, -4H.0O. In the next stage this solution is electrolyzed under carefully 
controlled conditions and hydrogen peroxide is formed by anodic oxidation 
which combines with the molecule of NaBO,-4H.O to form NaBO,.- 4H,0- 
1H,0.. 

Jt must be mentioned here that the use of sodium perborate as a mild 
bleaching agent in soap powder has the advantage that after the oxygen has 
been released the remaining sodium borate has detergent properties of its 
own. 

The problem is to incorporate sodium perborate into soap powder so 
that it remains stable for a period of at least six months (see Chapter XXVI). 

Sodium perborate has important qualities which make it a very convenient 
laundering agent. It has no appreciable deleterious effect on animal fibers 
such as wool and silk, and yet bleaches. It is more effective in warm or hot 
solutions than in the cold. But treatment in the cold is imperative for silk 
in spite of the lesser bleaching effect. Sodium perborate is very effective for 


removing stains from goods containing vegetable or synthetic fibers as cot- 
ton, linen, rayon, ete., and it has special advantage in the case of dyed goods 


or fabrics. The following product by J. G. Spiegler (U.S. Patent No. 2,367,- 
971) is described in which borax and hydrogen peroxide are combined with 
sodium silicate to produce “sodium perborosilicate.” 


22 Federal Specification P-S-628. 


IX. INORGANIC SOAP BUILDERS 179 


The perborosilicate is produced by mixing 38° Be caustic soda (6 parts), 36° Be 
sodium silicate (22 parts), and borax (28 parts by weight). This mixture is then added 
to 36° Bé sodium silicate (22 parts), and 30% hydrogen peroxide (22 parts by weight). 
The combined mixture is stirred vigorously until it becomes gelatinous. After drying 
in a drier at 70-80° C., or for several days in air, the mass is finely ground. 

Sodium perborosilicate is a washing and cleaning agent, and may be mixed 
with powdered soap for this purpose. 


(8) Bentonite, ete. 


A soap builder of quite different type is the natural clay product bentonite, 
first used by the Indians. The early pioneers were toid by the Indians that a 
peculiar claylike material found in the Black Hills region of Wyoming and 
South Dakota was effective for cleaning and laundering clothes. These early 
pioneers obtained this material from “soap holes,” which resulted from the 
wetting of the surfaces of bentonite outcroppings. This material was called 
“mineral soap” or “soap clay” because of its resemblance to soft soap. 

Since it is derived from natural clay sources and is not a definite chemical 
compound, the composition of bentonite varies. Its main constituent is alumi- 
num silicate (80-90%). The special colloidal properties have introduced 
it in the U. S. Pharmacopoeia. Bentonite is a very fine, odorless, tasteless, 
and practically colorless powder, free from grit. It also occurs as small 
granules. It is insoluble in water, but swells to about eight times its volume 
when added to water, and produces an opalescent suspension or paste. 

The pH of bentonite is very near or even corresponds to ordinary deter- 
gent and soap solution. It has a certain base exchange property and softens 
water to a certain extent. Its emulsifying properties make it a valuable addi- 
tion to soap in many cases,’ such as for hand soap cakes for factory and 
garage use, and for dishwashing and scouring powder compounds in combi- 
nation with abrasives. 

More general use of bentonite as a detergent is described by Hirshmann 
and Bechtner:74 

“Soap creates a suds, which floats away the soil; bentonite forms gels, which perform 
the same service. The ability of bentonite to carry particles of solid matter in aqueous 
suspension is one of its outstanding characteristics, widely used in other commercial 
processes. .. . 

“Soap and bentonite both emulsify oil and grease, mineral as well as vegetable. ... 

“Soap holds carbon or dirt in suspension by its deflocculating or wetting action 
(which is also the cause for its sudsing). Bentonite also holds dirt in suspension bes 
cause of its polarity, by which each microscopic particle of it picks up a similar speck 


of dirt, keeps it in suspension, prevents it from coagulatine with other specks, and car- 
ries it away from the article to be cleaned. . . . 


M. A. Lesser, Soap, 21, No. 10, 37-40 (1945). 
24 W. B. Hirshmann and P. Bechtner, Soap, 14, No. 10, 24-26, 105 (1938). 


180 B. RAW MATERIALS 


“Soap, alkalies and a proper grade of bentonite all mix readily with water ... once 
the dirt is loosened, they all prevent its re-deposition.” 


Mention must be made of the fact that if lime soap has formed in the 
wash water, bentonite has the capacity of absorbing such insoluble soaps, 
thus keeping them from precipitating. Formulas of different soaps contain- 
ing bentonite are included in the corresponding chapter of this text. 

La Rocca and Burlage*® made a very interesting study of the suspending 
properties of bentonite. Atter discussing the identification test for bentonite 
in the U. 5. Pharmacopoeia (X11) and presenting an improved stability test, 
the following conclusions were reached in regard to the suspending properties 
of the material: 


TABLE IX-11 


TypicaL Composition OF TaLc, Kao.in, AND BENTONITE2® 


SubeLithent Normal Normal American Italian 
tale kaolin bentonite bentonite 
Siltcaw (Sia) oF) canes ieee 51-62 47-55 67-69 69-73 
Alumina (A1LO.), % —.- perieee OMe, 31-37 17-19 14-17 
Tron oxide (Fe:O:), % 0.2-1.3 0-2 3.8-4.5 0.7-0.9 
Magnesium oxide (MgO), % 32-35 0.2-0.5 0.5-0.6 4-1 
Sodium or potassium oxide (NaeO or K.0), % 0.6-4 L3=L5 0.6-1 
Caleium carbonate (CaCO;), % Traces Traces 0.9-1.1 2 3.6 
Water. % 2-5 8--15 6-8 6-10 


(1) The unusual suspending properties of bentonite are due, chiefly, to its singular 
latticelike crystalline structure and only to a minor degree to its small particle size. 

(2) Since kaolin and fuller’s earth do not exhibit this latticelike structure, they are 
distinctly inferior to bentonite as a suspending agent. 

(3) The pH of the outer phase has a marked effect on the stability of clay suspen- 
sions, which, particularly in the case of bentonite, are more stable in neutral and alkaline 


mediums than in acid mediums. 

As the valuable properties of bentonite cannot be attributed to common 
china clay, talc, or chalk (see Table IX-11*°) , these products, which are some- 
times used as soap fillers. cannot be recommended as general additives to 
soap. Only in the case of scrubbing soap or special cleaners where abrasives 
are used as well, may these products find their use (see Chapter XX, 3). 
However even high grade bentonite should only be used for abrasive soaps 


or for soaps for laundering overalls and the like. Experiments have shown 
that bentonite is absorbed by the fiber. 


25 J, La Rocca and H. M. Burlage, J. Am. Pharm. Assoc., 34, 302-305 (1945). 
26 A, Mantagrin, Manuel du Savonnier, 2nd ed., Gauthier-Villars, Paris, 1946, p. 253, 
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(9) Ammonia 


Ammonia (NH;;, a colorless gas of pungent odor, is used in the soap 
industry as an aqueous solution (NH,OH) for special cleaners. It is rather 
seldom that it is used as the sole alkali for saponification Only fatty acids 
can be saponified with ammonia, not neutral fats and oils. It is usually sold 
as a concentrated solution containing 28-29.5% NH;. Table [X-12?" shows 
the physical properties of ammonia solutions of different concentrations. It 


TABLE IX-12 


Agta Ammontra”@ 


° Be Sp.gr. NH Be Sp.gr. % NH; ° Be Sp.gr. % NH. 
10.00 1.0000 .00 16.50 .9556 11.18 23.00 9150 Bowe 
10,25 -9982 A0 16.75 -9540 11.64 23:20) -9135 24.01 
10,50 -9964 .80 17.00 9524 12.10 23.50 -9121 24.50 
10.75 9947 1,21 17.25 -9508 12.56 23.75 9106 24.99 
11.00 -9929 1.62 17.50 -9492 13.02 24.00 -9091 25,48 
11.25 9912 2.04 TAUB) 9475 13.49 24.25 .9076 24.97 
11.50 9894 2.46 18.00 9459 13.96 24.50 9061 26.46 
11.75 .9876 2.88 18.25 9444 14.43 24.75 -9047 26.95 
12,00 9859 3.30 18.50 -9428 14.90 25.00 9032 27.44 
25 -9842 3.73 18.75 -9412 15.37 SPs) -9018 27.93 
12.50 9825 4.16 19.00 -9396 15.84 25.50 .9003 28.42 


12.75.9807 4.59 19.25.9380 16.32 25.70 .8989 28.91 
13,00  .9790 5.02 19.50 — .9365 16.80 26.00 .8974 29.40 


13,25 9773 5.45 19.75 -9349 17.28 26.25 .8960 29.89 
13.50 -9756 5.88 20.00 .9333 17.76 26.50 8946 30.38 
lava .9739 6.31 20.25 .9318 18.24 26.75 8931 30.87 
14,00 9722 6.74 20.50 -9302 18.72 27.00 8917 31.36 
14.25 .9705 Tellré 20.75 .9287 19.20 27.25 .8903 31.85 
14.50 .9689 7.61 21.00 9272 19.68 27.50 8889 32.34 
14.75 96/2 8.05 21.25 9256 20.16 27.75 8875 32.83 
15.00 9655 8.49 21.50 9241 20.64 28.00 8861 33.32 
15.25 9639 8.93 PALLY 9226 2AN\a PA 28.25 .8847 33.81 
15.50 .9622 9.38 22.00 9211 21.60 28.50 8833 34.30 
15.75 -9605 9.83 bps -9105 29.08 28.75 -8819 34.79 
16.00 -9589 10.28 22.50 -9180 22.56 29.00 8805 35.28 
16.25 -9573 10.73 22.75 -9165 23.04 


Specific gravity determinations were made at 60°F., compared with water at 60°F. 

From the specific gravities the corresponding degrees Baume were calculated by the 
following formula: Baume = (140/sp. gr.)- 130. 

Baume hydrometers for use with this table must be graduated by the above formula, 
which formula should always be printed on the scale. 

Atomic weights from F. W. Clarke’s table of 1901. O=16. 


Authority. W. C. Ferguson. This table has been approved and adopted as a 
Standard by the Manufacturing Chemis! ° Association of the United States, and is repru- 


duced by courtesy of the Manufacturing Chemists’ Association of the United States. 
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should be noted that the more concentrated the solution the lower its specific 
gravity. The Baume scale given in this case is that of the U. S. Bureau of 
Standards for light liquids. 


ALLOWANCE FOR TEMPERATURE 


The coefficient of expansion for ammonia solutions, varying with the temperature, cor- 
rection must be applied according to the following table: 


Corrections to be added for each 


degree’ below 60°F: Corrections to be subtracted for cach degree above 60°F. 
” Be 40°F, 50°F. 70°F. 80°F. 90°F. 100°F. 
14 0.015° Be 0.017° Be 0.020° Be  0.022° Be 0.024° Bé 0.026° Be 
16 OH OPA RE 0.023 “ 0.026 “ 0.028 “ 0.030 “ 01032 es 
18 OLO2 0.029 “ 0.031 “ 0.033“ 01035" = 00374 F< 
20 0.033 * 0.036 “ 0.037 “ 0.038“ 0.040 “ 0.042 “ 
22 0.039“ 0.042 “ 0.043“ 0.045 “ 0.047 “ 
26 0.053, = 0.057 “ 0.057" * 0.059“ 
TABLE IX-13 
EQuivALenT Factors OF VARIOUS ALKALIES 
1 part of: equival nt to: 
NaOH . 14 parts KOH 
1325.0 > NasCO; 
1.725 * K.2CO; 
0.425 * NH; 
3.63 ~ triethanolamine 
40) 3 = SSS et oe ee 0.714 parts NaOH 
0.947 ™“ NasCOs 
1.233 * K:CO; 
0.302 * NH: 
2.59 * triethanolamine 
NasCO. See _ 0.754 parts NaOH 
1057 “ KOH 
1305 “ K:COs 
0.321 “ NH; 
2.73 “triethanolamine 
K.CO; — 0.578 parts NaOH 


0.810 “ KOH 

0.767 “* NasCO; 

0.246 “ NH; 

2.10 “ triethanolamine 
INET : 2.35 parts NaOH 

329 1) Pp ROH 

atl * Na:CO; 

4.06 “  KeCOs 

8.53 “triethanolamine 
Trietharolamine = 0.276 parts NaOH 

0387 aS SOE 

0.365 » NasCO; 

0.476 “ KCO- 

OST INTE 


CHAPTER X 


BLEACHING AGENTS FOR SOAP 


In this chapter we will deal only with those bleaching agents that serve to 
bleach soap. Agents for bleaching fats and oils are dealt with under oil and 
fat refining (Chapter XII1). However, some of the bleaching agents for 
soap may be used as well for bleaching oils and fats. Since these bleaching 
agents are all inorganic materials (except for the organic peroxy compound), 
they will be dealt with before we describe organic soap builders. 


(1) Chlorine Compounds 


These strong oxidizing compounds containing “active chlorine” com- 
prise the main group of soap bleaching agents. All are produced by the ac- 
tion of chlorine gas ‘produced by electrolysis of sodium chloride; see Chap- 
ter VIII, 1), then thoroughly dried, freed of impurities, and finally liquefied 
by compression and refrigeration. 

Liquid chlorine in steel containers is often used in large soap plants to 
produce the necessary alkaline bleaching solutions on the spot. The methods 
of preparation, mainly of sodium hypochlorite solutions, ave described later. 


(A) CHLORINATED LIME 


Chlorinated lime is used not for bleaching soaps but as a starting point for 
the preparation of suitable alkaline bleaching liquors. This is especially the 
case where chlorine is unavailable and when the transportation costs would 
make the use of prepared sodium hypochlorite solutions too expensive. Chlori- 
nated lime (bleaching powder) is the most suitable and least expensive start- 
ing material. 

Chlorinated lime is usually prepared by saturating a fine powder of hy- 
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drated lime Ca(OH), in a rotating steel cylinder fitted with blades to fa- 
cilitate mixing with chlorine at about 50°C. The reaction occurs according to 
the following equation: 


i 
Ca(OH )2! Ch — Ca ILO 
Ocl 


High-grade chlorinated lime (bleaching powder) has the approximate 
chemical formula CaCliClO): HO. It is a white hygroscopic powder with a 
strong odor of chlorine and is stable only when dry and when stored in a cool 
place in closed container. It is usually marketed in drums (100, 224, 333, 600, 
and 850 lbs.) or in tins (25 lbs.). The available chlorine in the commercial 
products varies from 35-70%. 


(B) Soprum (or Potassium) HypocHLoRITE SOLUTIONS 


Alkali hypochlorite solutions with 7 8%o available active chlorine may be 
prepared from calcium hypochlorite powder and sodium carbonate solution. 

100 parts bleaching powder is slurried with 300 parts cold water. Then 
a solution of 60 parts sodium carbonate (or 75 parts potassium carbonate) 
in 150 parts warm water are added to the slurry and stirred for about one 
hour. The mass is allowed to settle overnight and the clear bleaching liquor 
is drawn off; the residual slurry is washed with water containing some addi- 
tional Na,CO, (or K,CO.). This wash water, after settling, is used again for 
the preparation of a new bleaching liquor. JH calcium hypochlorite is used 
instead of bleaching powder the alkali carbonates and the amount of water 
is suitably doubled to obtain the same concentration. 

Sodium hypochlorite (soda bleach liquor) is also manufactured directly 
by the reaction of gaseous or liquid chlorine with caustic soda in a well cooled 
aqueous solution. ‘There are two general classifications for soda bleach: first, 
those which contain 3-5% available chlorine for use as a germicide and gen- 
eral oxidizing agent, and, second, those containing 10-15% available chlorine 
by weight for use as a bleaching agent in the textile industry and laundries, 
and for other chemical purposes. These stronger solutions are nearly always 
diluted to lower strengths before being used. They are prepared at high con- 
centrations in order to decrease the bulk for storage and transportation. The 
reaction takes place acording to the equation: 


2Na0H + Cle — NaOCl] | NaCl + ILO 


Excess alkali is required to stabilize the hypochlorite. In some cases it is 
desirable to prepare sodium hypochlorite by ehlorinating water solutions of 


sodium hydroxide to which a definite quantity of soda ash has been added. 
The presence of iron compounds in sodium hypochlorite solutions causes 

decomposition. For this reason, the caustic soda solutions must be carefully 

settled and sometimes filtered before chlorination to remove any iron which 
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may be present. Proper preparation and cooling of the caustic solutions are 
important in the manufacture of sodium hypochlorites, and adequate tanks 
and piping systems must be provided. 

The actual chlorination is carried out in nonmetallic tanks, such as spe- 
cially lined concrete, ceramic vessels, or rubber-lined steel tanks, to prevent 
contamination from metals. Extra-heavy glass tubing is preferred for con- 
ducting chlorine into the solution, although other materials have been used 
with satisfactory results, depending on operating conditions. Lead tubing 
may be used for solutions not exceeding about 70 g. per liter of available chlo- 
rine without encountering serious difficulties. For satisfactory operation, 
chlorine should be introduced at least four feet below the surface of the 
caustic soda solution. 

The chlorine control valve should be located as close as possible to the 
chlorinating tank. Iron pipe or heavy copper tubing of 500 lbs. test pressure 
per sq. in. may be used for transferring chlorine from the container to the 
control valve. A special copper tube with clamp and adaptor connections is 
recommended for joining the valve of the container to the permanent piping. 
The pressure in the system should be controlled by a chlorine pressure gage 
of the diaphragm type in the line between the container and the control valve. 
This is an indispensable item, and is in the same class as a good platform scale, 
vacuum relief device, and chlorine piping erected in accordance with good 
high pressure piping standards of workmanship. No plant can handle chlorine 
safely and intelligently without these. 

Since decomposition increases with higher temperatures during chlorina- 
tion, it is essential that the solution temperature not exceed 85°F. (29.5 C.). 
In order not to exceed this temperature, mechanical refrigeration is neces- 
sary to prepare the stronger solutions and the low temperature can best be 
maintained during chlorination by circulating a cold brine solution through 
stoneware coils immersed in the solution. When ice is used to coo] the solu- 
ton, allowance for it must be made in determining the total quantity of water 
needed in the chlorination tank. To avoid contamination and subsequent 
decomposition, the solutions should be handled in stoneware, concrete, rub- 
ber-lined, or enameled equipment. Sodium hypochlorite should be stored 
in a cool dark place, since light and heat accelerate decomposition. 

Tests for available chlorine and free alkali in sodium hypochlorite may be made as 
described under tests for bleach liquor in Part J, Volume II.*8 


Potassium hypochlorite is much less important. It is only used for bleach- 
ing “fig soft soaps’; other soft soaps may be bleached with the sodium bleach 
liquor. The method of manufacture is the same as for sodium bleach liquor, 
KOH being substituted for NaOH. Detailed information regarding the 


28 See also bulletin on chlorine, Pennsylvania Salt Manufacturing Co., Philadelphia, 


Pa. 
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amount of hypochlorite solution for soap bleaching will be given in the 
chapter on bleaching of soaps (see Chapter XVIII, 1, E). 

It must be pointed out that products of the hypochlorite type are not soap 
builders, and the use of chlorine compounds in washing compounds sold to 
the public is to be avoided. If hypochlorites are used in laundries, this should 
be done by experts under controlled conditions. 


(2) Peroxide and Similar Compounds 

The chief representative of this group is hydrogen peroxide (H;0.). It 
is obtained by the action of acids either on peroxides as Na.O, (sodium perox- 
ide) or BaO, (barium peroxide), or on persulfates e.g., K.5.03, produced by 
anodic oxidation of potassium bisulfate (KHSO,). 

Concentrated solutions of H,O. are obtained by concentrating dilute solu- 
tion under high vacuum. Table X-1, by Slater, °° gives the specific gravity of 
solutions in the range of general indusirial use. 


TABLE X-1 
IL Specific Popular 
g./100 g. gravity descriptions 
3.01 1.009 10 vol. 
5.95 1,020 20 vol. 
27.52 1.032 100 vol. or 30% by vol. 
35.32 1.1365 40% by vol. 


The higher concentrations of H,O, are rather stable in contrast to very 
weak solutions (less than 3% by weight). The pure nearly 100% H.O, is 
seldom used in the soap industry. Hydrogen peroxide is more often used to 
bleach the fat stock rather than for bicaching soap. The same applies to an 
organic peroxide compound: benzoyl peroxide (C,H;CO). - O., an oil-soluble, 
white, crystalline powder with a melting point of 105°C, 

Potassium persulfate (IK25.0,), with a molecular weight of 270.31, is a 
colorless, crystalline powder. It decomposes below 100°C. and is only slightly 
soluble in water. 3:8 parts of K,5,0x are usually enough to bleach 1000 parts 
of soap. 

Zinc persulfate (ZnS.Ox) is recommended for bleaching of soap, but is 
very seldom used for this purpose. 

Sodium perborate has already been described in Chapter IX as a special 


soap buildor. It is practically never used as a bleaching agent for the soap 
itself. The same applies to sodium percarbonate and sodium pyrophosphate 
perhydrate, also described in Chapter IX. 


29 VY, W. Slater, “Hydrugen Peroxide and Related Compounds in Industry,” Chem- 
istry and Industry, Feb. 10, 1945. 
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(3) Reducing Agents 


A reducing agent which finds wide application for soap bleaching is 
sodium hyposulfite (Na.S.0,:2H.0)}. Two methods of production are used: 
one uses zinc dust and sodium bisulfite solution at ordinary temperature; the 
other consists of treating a suspension of zinc dust suspended in dilute for- 
maldehyde solution with gaseous sulfur dioxide at about 80°C. After this, 
the solution is neutralized with sodium carbonate to form the sodium salt of 
hyposulfurous acid which remains in solution. Zinc carbonate is filtered off. 
The solution containing the Na S,0, is salted-out with sodium chloride. The 
hydrated sodium hyposulfite crystallizes in needles and is in turn filtered off. 
The crystals are dried in vacuo with the aid of alcohol. 

The sodium hyposulfite of commerce is a colorless crystalline powder of 
the formula Na.S,0,:2H.O (mol. wt. 210.15), soluble in water. The dry 
powder is stable, but it decomposes when it becomes wet or goes into solution. 
It is marketed in cans (50 lbs.) or drums (120, 125, and 250 lbs.). 

For soap bleaching, 1-3 parts per 1000 parts soap are usually sufficient. 


30L, A, Pratt. “Sodium Hydrosulphite as a Dry Powder,” Chem. & Met. Eng., 31, 
li (1924). 


CHAPTER XI 


ORGANIC SOAP BUILDERS 


(1) Organic Derivatives of Ammonia 


Organic bases may be considered as a special group of soap builders. 
These organic amines have special qualities as emulsifiers with fatty acid soaps. 

The ethylenediamines are manufactured by chlorinating ethylene, C,H, (a 
by-product of, for instance, the petroleum industry) and reacting the product 
with concentrated ammonia water in an autoclave at 110-150°C.: 


INH 
CH.Cl CHNH» 


A large excess of ammonia is necessary in order to favor the formation 
of the primary amine over the various secondary producis, but even when 
using a surplus of ammonia only 40°. yield of primary amine is obtained.*! 

The ethanolamines** are obtained when ethylene oxide (a gas produced by 
catalytic oxidation of ethylene) is bubbled through a 28% ammonia solution 
at 50-60°C., according to the following equation: 


Hd { HOCHsCH2NH» (monoethanclamine! 
_ 90+ NHs (excess) —* { (HOCH »CH:)2NH (diethanolamine) 
HoC7 | (HOCH:CH:).N (triethanolamine) 


Triethanolamine saponifies about twice its weight of stearic or oleic acids. 
Generally, it must be emphasized that all organic amine bases saponify only 
fatty acids and not neutral fats and oils. 


81 E. E. Curme, U. S. Pat. 1,832,534 (1931), described in P. H. Groggins, Unit Proc- 
esses in Organic Synthesis, 2nd ed. McGraw-Hill, New York, 1938, pp. 342, 343. 

82 R. N. Shreve, The Chemical Process Industries. McGraw-Hill, New York, 1945, 
p. 911. 
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In Table XI-1 some of these amines are tabulated with their physical and 
chemical properties. Tricthanolamine is mainly used in the soap industry, 


especially for the preparation of shaving creams, shampoos, liquid soaps, dry 
cleaning and solvent soaps, and special cleaners, etc. 


TABLE XI-1* 
Morpholine Monoethanolamine Diethanolamine Triethanolamine 
CH.CH» 
Va Ss 
Formula oO pile HOCH.CH.NH: (HOCH.CH ).NEH = (HOCH2CH2).N 
CHsCH> 
Mol. wt. 

(theor.) - 87.12 61.08 105,94 149,19 
Equiv, wt. Mol. wt. Mol. wt. Mol. wt. Mol. wt. 
Sp.gr., 1,0920 at 

20/20°C. 1,0017 1.0179 30/20° 1.1258 
Ble. range, B.p. 208 

°C./760 mm. 120-132 160-176 B.p. 269.1 (10 mm.) 
pH, 25% soln., 

25e 11.4 12.1 dla bel 11.2 


Courtesy Carbide and Carbon Chemicals Corporation. 


The Board of Standards of the Toilet Goods Association, T.G.A. Specifi- 
cation No. 18, defines triethanolamine as a mixture of alkanolamines con- 
sisting chiefly of triethanolamine, with variable amounts of monoethanolamine 
and diethanolamine. It should meet the following standards: 


Color-—Must meet buyer’s specifications when tested by prescribed method. 

Odor -Not more than slightly ammoniacal. 

Solwbility—Soluble in chloroform, Miscible in all proportions with alcohol and water. 

Specific gravity -1.1204 to 1.1284 at 25//25°C, 

Refractive index—1.4800 to 1.4850 at 20°C. 

Equivalent weight. —140-145. 

Ash--0.03% maximum. 

Lead—1 part per million maximum, as Pb. 

Arsenic- 1 part per million maximum, as AseOn. 

Substances reacting with periodate—Not more than 6.2 ml. of 0.1 \ iodine is re- 
quired per 0.1 g. of the sample used in the test. 


Another organic amine base is cyclohexylamine (C;H1,NH.). The pure 
compound has the following properties: 


Boiling point at 750 mm. 134.5°C, 
Crystallizing point cal Fg ak Oe 
Specific gravity at 25°C. . 0.8647 
Molecular weight 99 


The technical grade, as produced in the United States, has the following 
specifications: 


Specific gravity at 15.5/15.5°C. 0.870-0.874 
Distillation range, first drop 132,05Gs 
Min. 95% up to 136.0°C, 


Dry point # fe ae sinonG. 
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Cyclohexylamine is a stronger base than ammonia and the ethanolamines, 
and forms siable salts. Being a powerful base, it decomposes most esters. 
It is volatile in steam, forming an azeotropic mixture containing 44% amine, 
and boiling at 96.4°C. It can be extracted from aqueous solutions by hydro- 
carbons. 

Cyclohexylamine attacks copper, copper alloys, lead, and zinc in the cold; 
when hot, it attacks nickel and, very slowly, aluminum. It has no action on 
iron or stainless steel. It exhibits a strong solvent action, and with fatty acids 
forms salts which are powerful emulsifying agents. Since the base is soluble 
in water, the emulsifying agent can be formed in situ during the intimate mix- 
ing of the ingredients. 

Cyclohexylamine fatty acid soaps may form the basis for special textile 
and dry cleaning soaps and for the manufacture of soap containing agricultural 
emulsions and special cleaners.** 

With aminoethylethanolamine, a cyclic compound is formed which, besides 
being a synthetic emulsifying agent, is also cationic. Additional amine-type 
products commercially available for neutralizing fatty acids to specialty-type 
soap products or synthetic detergents are: triethylenetetramine: tetraethylene- 
pentamine; 2-amino-2-methyl-1,3-propanediol; | 2-aminomethyl-3-hexanol; 
tri( hydroxymethyl) aminomethane; 2-amino-2-methyl-1-propanol. 

A new organic soap builder is now on the market in the United States 
under the name of Sequestrene (Alrose Chemical Co.). Chemically this ma- 
terial is ethylenediamine tetraacetic acid. This compound forms salts with 
sodium or potassium by partly or completely neutralizing the acetic acid 
groups in the molecule. The completely neutralized type is the most suitable 
for use in soaps and detergents. Such additions, about 1.5 to 3%, reduce to 
a minimum the lime and magnesium sensitivity of soap. Calcium and mag- 
nesium ions and, e.g., iron ions as well, are “sequestered” hy complex forma- 
tions and thus rendered harmless. In addition, the potassium salts of eth- 
ylenediamine tetraacetic acid serve as efficient clarification agents for liquid 
soaps. This type of organic soap builder and sequesterine agent was first 
developed in Germany by the I. G. Farben under the trade name Trilon, 


(2) Organic Derivatives of Cellulose, ete. 
as Soap Builders and Fillers 
(A) SrarcH 

Starch, like sugar, is a carbohydrate and occurs as such in plants. Corn is 
65°. starch; all other kinds of grains contain a high percentage of starch. 
The raw potato contains 15%: starch or about 759. on a water-free basis. 
Starch is extracted with water from the pulped material, from which it de- 
posits in a short time as a white powder. This is filtered off and dried. 

Since starch occurs in abundance in nature, and since it is a relative cheap 
technical product which swells to form a transparent cel, it was used at an 

28 Many facturing Chemist, 17, 154 (1946). 
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early date as a filler in soap, especially in times of fat and oil scarcity. 
Radley** quotes the following opinions about the use of starch in soaps mainly 
from German sources: 

“The use of starch in soap is stated by some workers to be detrimental, especially if 
the soap is to be used to wash fabrics printed or dyed with vat colours, on the ground 
that these colours are reduced by the combined action of the starch and its by-products 
in the presence of the alkali. Such an action would render the dye-stufl soluble and 
therefore loose to washing.” 

On the other hand, some workers prefer the use of starch to that of sodium 
silicate. Kroner and Steinhoff*® have shown that on heating starch for periods 
varying from 0.5 to 12 hours in the presence of a 2% soap solution, alone, 
with sodium silicate, or with soda lye, no measurable amounts of reducing sub- 
stances were formed which could be detected by Ost’s tests or by Fehling 
solution. Despite the elaborate tests performed by these authors, further work 
on a large scale is needed before the matter can be settled, but the balance 
of evidence suggests that the inclusion of starch is practically harmless, and 
that it offers certain advantages which will not be overlooked by the trade. 

For toilet and milled soaps ihe starch is added in powder form to the chips 
before milling. If desired, it can be used in the manufacture of soap flakes, 
but its use in soap powders is uneconomical, with the exception of shaving 
powders. The following example illustrates the composition (in parts) of 
such a shaving powder: 


Castile soap powder — =a ae 800 
Maize starch me = : 200 
Cassia oil eae Pace Rie 6 
Caraway oil .. se Sheers Aare . 1 
Geranium oil L2 ee : 3 


It is interesting that an attempt was made to use a modified starch product 
as a detergent practically without soap, according to A. L. Sodergreen (U. S. 
Pat. 2,049,476) by heating corn flour to 120°C. or lower in the presence of 
moisture to break down the protein matter and to hydrolyze the starch. The 
mixture is then made alkaline with caustic soda and reheated under pressure 
to saponify the oil present, any excess caustic soda being neutralized finally 
with carbon dioxide under pressure. 


(B) MetTuy.- AND ETHYLCELLULOSE 


These products, produced by the methylation or ethylation of cellulose, 
were introduced as a soap-filling material in Germany in 1935 under the 
trade name of Tylose, and marketed in the United States some time later.** 


34J, A, Radley, Starch and Its Derivatives, 2nd ed., p. 349. London, Chapman & 
Hall, 1943; Van Nostrand, New York, 1944. 

25 W. Kroner and G. Steinhoff, Seifensieder Ztg., 63, 272 (1938). 

36 Revue des Produits chimiques, 42, 193-198, 225-258 (1939); through Soap, 15, 
57-8 (July, 1939). 
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Now, there are on the market in the United States many brands of methyl- 
and ethylcellulose under different trade names; some of the brands are quite 
suitable as additions to soap. Usually methylcellulose is sold in the form of 
white flakes or powder which may be dissolved in cold water to form viscous 
solutions that can be added to liquid or soft soaps. Most types of ethylcellu- 
loses are water insoluble. However, some types are water soluble and only 
these are suitable as soap fillers. 

Methylcellulose is a valuable soap aid, since it lowers the surface tension of 
water and helps create a more persistent and copious lather. It possesses some 
detergent power of its own and thus permits it to decrease the amount of fatty 
acids present without lowering the quality of the soap. It is claimed to aid 
the keeping quality of soap and prevents efflorescence. In the manufacture 
of milled soap, addition of methylcellulose increases plasticity so that toilet 
soaps, shaving soaps, etc. are easier to work up. 

To prepare an alkaline methylcellulose solution for use in soap, add 4 kg. 
of caustic potash or caustic soda, 40° Bé to 40 kg. of boiling water, stir and 
add 4. kg. of methylcellulose powder. Mix well and let stand for a half hour, 
then add with stirring 52 kg. of cold water. Mix again the next day, when a 
smoth mucilaginous product is obtained. This gives a very unctuous soap 
when caustic potash is used in its preparation. 

A suitable addition to paste soap is to add, for each 100 kg. of soap a mix- 
ture of 20 kg. of sodium silicate (36-38 Be), 3 kg. of caustic soda (40° Bei, 
and 3 kg. of water, all brought to a temperature of 70-80°C., after which 6 kg. 
of a cold solution of methylcellulose is added little by little. By this means a 
hard soap with a fatty acid content of 48% can be obtained. 

A transparent soft soap is prepared as follows: 1000 kg. of oil or fatty 
acid is saponified with caustic potash and the necessary potash added, giving 
2200 ke. of soap base. To this add 150 kg. of potassium hypochlorite (10° 
Be), 150 kg. of a solution of potassium chloride (10—-20° Bé), 100 kg. of 
sodium silicate (30° Bé), 350 ke. of methylcellulose solution, and 50 kg. of 
caustic potash (40° Be!. This soap becomes transparent after 2-3 days. 

To prepare a concentrated solution, the flakes are allowed to stand in 
water for several hours, or preferably overnight, when they first swell and 
then dissolve. Solutions of methylcellulose are neutral, with a pH value of 
7.5, and are stable to alkali and to fairly concentrated acid. Methyl- as well 
as ethylcellulose is also used in sizing pastes containing soaps for application 
in textile printing and finishing. 


(C) Soptt mM CARBOXYMETHYLCELLULOSE (CMC) 


A portion of the complex molecule representing this material is given 
in Fig. X1-1.87 During World War IT. the compound was widely uccd in 


37 T. H. Vaughn and H. EB. Tremain, Soap & Sanit. Chem., 24, No. 3, 38 (1948). 
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Germany as a soap extender (Tylose HBR). CMC is produced by reacting 
cellulose with caustic soda and condensing the reaction product with chloro- 
acetic acid. Tests performed after the war in the United States have con- 
firmed the detergency efficiency of the compound, which had been used pre- 
viously in ice cream manufacture, in paper sizing, and in other applications, 
and was therefore available commercially (CMC or Na-CMC). The com- 
pound is used in laundering, particularly in combination with synthetic de- 
tergents,°° since it has the unique property of increasing the suspending 
power of soil in the detergent solution—a particular deficiency in the alkyl- 
aryl-type synthetic detergent and more or less common to them all. Soap, 
on the other hand, is not deficient in this respect, so that CMC has less im- 
portance as a building material for soap. But even in soap, especially 
“built up” soap powders, additions of about 5% CMC generally promotes soil 


eoees & $0 > 
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Fig, XI-l. Diagram of a portion of a molecule of sodium CMC showing four of the 
basic units of which the molecule is composed.3? 


removal and whiteness retention.*® Dutch research on CMC has been pub- 
lished®"* and demonstrates the efficiency of CMC as a soap builder in per- 
centages up to 10%. : 


(D) Licnin 


Lignin occurs in nature in woody material, where it appears to be asso- 
ciated with the encrusting substances in which cellulose fibers are imbedded. 
The waste quantities of lignin available in one or the other form as a by-prod- 
uct of any process involving the separation of cellulose from noncellulosic 
materials in wood, etc. has made it imperative to search for any use of lignin 
in industry.*° Especially in times of fat scarcity, the attention of soap experts 
is focussed on this large source of a potential soap builder. During the process 
of separation of cellulose from noncellulosic material, lignin by the sulfite 
process will be found in the waste liquor of this process. Since sulfite waste 
liquor is a source of lignin which is fairly abundant in the United States, 

38 T, H. Vaughn and C. E. Smith, J. dm. Oil. Chem. Soc., 25, 44 (1948). 

“) Carbose for Detergency Promotion, Wyandotte Chemicals Corporation (1950) ; 


F. J. Pollak, Soap, Perfumery and Cosmetics, 24, 991-995 (1951). 
394K, J, Nieuwenhuys, Soap, Perfumery and Cosmetics, 23, 1229 (1950). 
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any use for this material is welcomed because most of it is discarded into 
rivers and streams, where it constitutes a pollution problem. The lignin in 
sulfite waste liquor is in the form of lignosulfonic acid, and has associated with 
it sulfites and sulfates as well as the usual degradation products of wood.*! 

Braun gives some pertinent information about the use of sulfite waste 
liquor as a constituent of soap. He points out that the very dark color of crude 
sulfite waste liquor makes it impossible to use it as a soap or detergent in- 
gredient, but a specially refined sulfite waste liquor may be used to produce, 
e.g., a soft soap with only 10% fatty acids and 60°. refined sulfite waste 
liquor. It is also possible, according to Braun, to produce a common house- 
hold soap from 100 parts curd soap (with about 63% fatty acids) with 25 parts 
refined sulfite waste liquor. He mentions the textile auxiliaries Dekol and 
Protectol (of I. G. Farbenindustrie A.-G.) which were sodium lignosulfonates. 
Braun also points out that detergents from sulfite waste liquor have a cleansing 
effect even in sea water and have lime-dispersing power in hard water. 

However, even refined products from sulfite waste liquor which were on 
the market in Germany (e.g., Zewa powder) became yellow-brown liquids if 
diluted with water. Still, their detergent effect was not bad and soap products 
containing refined concentrated sulfite waste liquor in powder form could be 
produced, ° 

The following formulas for a washing powder are typical: 


I. 20 parts pure powdered soap. 
40 parts powdered sulfite liquor. 
40 parts soda ash. 

2. 20 parts pure powdered soap. 

40 parts powdered sulfite liquor, 
30 parts soda ash. 
10 parts sodium perborate. 


Even soap flakes with 10-30% or toilet soap with 10°c powdered sulfite 
liquor were produced by adding the powdered sulfite liquor during the mill- 
ing process. 

E. Schubert and H. Pierer (U. S. Pat. 2,352,021) describe the manufac- 
ture of detergents of improved properties containing 20 to 50% of alkali 
lignin, which is used here to designate the water-soluble reaction product of 
lignin and an alkali. 


Keilen*® points out that the term “alkali lignin” as used in the patent is in conflict 


H. F. Lewis, Chem. Eng. News, 23, 1074-1080 (1945) (a general account of the 
use of lignin). J. J. Keitlen, Soap, 21, No. 3, 40-41, 146 (1945) (lignin as a detergent 
ingredient). 

‘1 J. P. Casey, Pulp and Paper, Vols. I-II. Interscience, New York, 1952. 
4-K. Braun, Seifensieder Ztg., 64, 207-208 (1937). 
4° R. Krings, Seifensieder Zig., 64, 337-338 (1937). 
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with the commonly accepted terminology in the United States, since it is generally used 
to designate a product resulting from an alkaline digestion of vegetable matter which 
may still contain the alkali, or which may have been converted to a completely organic 
material by treatment with acid. Such confused terminology has long been a problem 
to chemists and other technologists attempting to find commercial uses for this poten- 
tially abundant material. 

The following formula for a washing agent is suggested: 

20 parts of an alkyl or aryl ester of sulfuric acid and higher molecular fatty acids. 
15 parts sodium carbonate. 

8 parts sodium perborate. 

24 parts alkali lignin. 

4 parts water glass. 

14 parts sodium sultate. 

15 parts water. 

Lignin can also be used advantageously with any soap to increase the efh- 
ciency in hard water. This may be due to the protective colloid action of the 
lignin, to the formation of calcium salts of the lignin itself, or to the adsorptive 
power of the lignin for the calcium. All three properties have been attributed 
to lignin. 

Keilen draws attention to another source of lignin besides sulfite waste 
liquor and wood saccharification residues. This is from the waste liquors of 
the soda or sulfate process for wood pulping. At the present time these liq- 
uors are burned in order to recover the sodium compounds for reuse in pulp- 
ing. The precipitation of the lignin by means of acid still permits the recovery 
of a large percentage of the sodium compounds, and interferes but slightly 
with normal mill operation. It is estimated that in 1943 there was potentially 
available over a million tons of lignin from ihe soda and sulfate pulping 
processes. 

Moreover, the lignin from this source is readily purified, so that it may be 
made available virtually free of inorganic contamination, and with a minimum 
of organic impurities. Such lignins would require only the addition of caus- 
tic to be ready for use by the soap manufacturer. It is quite likely that with 
lignin chemistry making rapid strides a lignin derivative might be found to 
be as effective a detergent and soap builder as CMC and possible much 
cheaper. This is the reason for going into details about the use of lignin in 
soaps even if at the present time lignin seems to be seldom used in soap and 
soap products. 

(E) FLuorescent Dyes 


Within the past four or five years the use of fluorescent or “optical” dyes 
has become so widespread in the manufacture of soap and synthetic detergent 
powders that in the l nited States, at least, it is very difficult to find a product 
of this type that does not use them. In practice, the dye is added to the extent 
of about one pound of the dye to 1000 to 3000 pounds of the soap in the 
crutcher or kettle. The dye is absorbed by the cloth in washing. In sunlight, 
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a portion of the invisible ultraviolet light falling on the fabric is converted 
into visible blue light, so that the reflected light is actually increased by the 
presence of the dye. This masks the yellowing of the cloth, as does ordinary 
blueing, only in a different and more effective way, and makes the fabric 
appear “whiter than new.” Dyes of this type are now available in a number 
of types and strengths from all large dye manufacturers in all parts of the 
world. A discussion of the development and chemical nature of the dyes is 
beyond the scope of this book. However, a few points in this regard will 
help the soap boiler in understanding the problem of their use. 

Fluorescent dyes differ widely in structure. They also differ in their ability 
to absorb on fabric, to withstand decomposition under light, and to withstand 
such bleaching agents as chlorine. Each dye is a compromise of these many 
desirable characteristics. A dye that is unstable to light, for example, not 
only can cause a wash to look less bright, but it may even give it an off-yellow 
shade. Generally speaking, however, the results are good and when used with 
discretion the dyes can be a very useful adjunct to the product. Especially 
in soap and detergent powders the addition of from 0.05-0.1° “optical 
bleach” on the weight of the powder is to be recommended. There seems 
to have been more readiness to use these new compounds with cellulosic 
fabrics than with wool or silk. This is partly because the earlier products 
marketed for use in the textile industry were designed especially for use on 
cellulosic materials and partly because a “warmer or creamier” tint is asso- 
ciated with wool. The fluorescent compounds recommended for cotton and 
other cellulosic materials are similar in chemical structure to the direct dyes 
with the exception that the chromophore, i.e., color-proaucing constituents, 
are absent in the molecules. They are therefore, in effect, colorless direct 
dyes and behave as such.** 


It must not be assumed that the optical bleaching agents are a substitute 
for ordinary bleaching in laundry operation, or for that matter, in textile 
processing, for they have no such properties of their own in the normal sense 
that a bleaching agent has. They can be used with success only to create, in 
fact, an entirely new standard of whiteness on goods which have been washed 
and ‘or bleached by ordinary methods, or to make the color of a mild bleach 


44C. R. Tritman, Textile J. Australia, 26, 1224-27 (1952). 
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comparable with that of a stronger one. A further important point is that 
the whiteness produced by optical bleaching agents is not permanently fast 
to light and after prolonged exposure to sun rays the original shade of the 
cloth will reappear. 

Sorne typical compounds used as optical bleach are*® derivatives of cou- 
marin, diaminostilbene, 4.4’-bis-( benzamidol ) -2.2’-stilbenedisulfonic acid (I), 
benzimidazole, benzidine, diaminophenylures, diaminobenzyl, diphenylimi- 
dazolone (11), phenylbenzethiazole, benzocoumarin, and tris(aminopheny]) - 


ethylene. 


45 FE, J. Stearns, T. F. Cooke, and H. E. Millson, Soap & Sanit. Chem., 26, No. 3 
(1950), 


PART B (continued) 


RAW MATERIALS OF SOAP MANUFACTURE 


The Fatty Raw Materials 


CHAPTER XII 


INTRODUCTION 


(1) General Definitions and Properties of Oils and Fats 


Before discussing the chemical and technological aspects of oil and fat 
production, a glance at Table XII-1 will give an idea of the extent of the con- 
sumption of animal and vegetable fats in the American soap industry. From 
this table, not only the amount of oils and fats can be seen, but also which 
oils and fats are preferably used in the soap industry. 

A fat or an oil is a substance which is lighter than water (specific gravity 
between 0.910-0.970). It is insoluble in water; it leaves a “fat stain” on pa- 
per. Fats and oils, with the exception of castor oil- which has an hydroxyl 
group in the carbon chain -are sparingly soluble in ethyl alcohol. However, 
fatty acids are soluble in alcohol, so that with the increase of free fatty acid 
content of a fat or oil, solubility in alcohol increases. All fats and oils. except 
castor oil, are soluble in such solvents as ether, chloroform, carbon tetra- 
chloride, carbon disulfide, benzene, and petroleum ether. Castor oil is an 
exception, since it is only sparingly soluble in petroleum ether. 

Oils and fats are relatively stable natural compounds. Decomposition is 
well advanced at temperatures higher than 200°C. In fact, it probably starts 
well below 200°C., depending largely on the type of oil or fat under con- 
sideration. 

Mineral oils also belong to the class of oils, but have a completely 
different chemical composition than the natural saponifiable fats which are 
derived from the animal or vegetable world. Only the latter fats and oils are 
soap forming and only these shall be dealt with in this chapter. (Soft paraffin 
wax, a product of the petroleum industry, will be dealt with in the chapter 
on toilet soap manufacture, where it serves as a superfatting agent.) 
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Chemically speaking, fats and oils belong to the class of esters. Organic 
esters are compounds of acids with alcohols. In the case of natural oils and 
fats the acids are higher fatty acids with glycerol, a tribasic alcohol, as its 
base. This means that one molecule of glycerol combines with three mole- 
cules of fatty acids to form a neutral triglyceride. If one molecule of glycerol 


TABLE XIL-1 


Factory Cons mpTion OF ANIMAL AND \EGETABLE FATS 
AND OILs IN THE MANUFACTURE OF SOAP 
Source: L. S. Department of Commerce Bureau of the Census 
(Quantities in thousands of pounds) 


1945 1946 1947 1948 1949 1950 
Cotton oil 1,695 522 920 720 
Peanut oil 846 1,347 374 271 - -- 
Coconut oil 59,353 184,906 511,313 417,256 282,455 256,973 
Corn oil tal 299 446 185 — 
Soybean oil 4,219 3,045 Lpayie) 2,794 
Olive edible 18 i 4 —- — 
Olive ined. 302 193 324 469 
Olive foots 1,685 608 440 
Palm oil 24,500 7A17 1,091 
Palm kernel 29,967 18,939 
Rapeseed oil 16 
Linseed oil 915 O76 276 339 
Perilla oil - - 
Castor oil 1,396 543 1,087 726 
Sesame oil — _ — - - 
Babassu oil 32,476 35,834 14,581 
Other veg. 2,338 448 557 6,720 16,656 
Stearin (edible) —_ — _ — 
Lard , 82,070 744 5,973 3,716 
Oleo oil 3,685 3,082 40 
Tallow (edib.) 32,067 6,895 7,087 1,562 — 
Tallow (ined.) 952,334 871,968 1,108,909 980,670 961,505 1,006,835 
Grease 411,600 337,871 416,838 470,784 384,092 365,143 
Neat’s foot : 7 41 23 2 ~ — 
Marine oils 2 A, 10 1 — 
Fish oils 114,344 39,710 42,540 35,476 — 
Tota? 2,151,011 1,882,511 2,363,015 2,139,742 1,847,976 1,885,365 


is hound to one molecule of fatty acid, two OH groups of the glycerol mole- 
cule remain free and a monoglyceride is formed; in the case of two molecules 
of fatty acids bound to one molecule of glycerol, one OH group remains free, 
and a diglyceride is formed. These mono- and diglycerides are sometimes 
present in minute percentages in. natural oils and fats, but as manufactured 
products are important as emulsifiers. They may be formed synthetically 
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or during the saponification process in the interim stage of splitting (see 
Chapters If and XV, 1). The process of esterification of oleic acid with 
glycerol is given as an example of the chemical formation of a triglyceride. 
(In nature this process of triglyceride formation in the plant or animal body 
is much more complex and is beyond the scope of this book.) 
3C,;11.COOH + C:H;(OH)s—> C.H;(OOCC.-H. -); + 3H.0 
Oleic acid Glycerol Triglyceride 


or: 


38R- COOH | G.H-(OH)s—* C,H (OOC- R)s : 3H:0 
(where R is the carbon chain and the COOH group is the characteristic group 
for a fatty acid. 
If a natural fat ‘ triglyceride) is split (Ch. II, 2 and XIII, 1), the reaction 
occurs in the opposite direction. For the saponification process the following 
reaction takes place: 


CH:OOCR CH.OH 
CHOOCR -3Na0H > CHOH 1 3R-COONa 
CHLOOCR CH.OH 


Fats and oils almost invariably consist of mixed glycerides in which two or 
even three different fatty acids are present.! It is very interesting to note 
that, among some fifty fatty acids found in nature, almost all are straight- 
chain acids containing an even number of carbon atoms. This fact was later 
taken as a basis for an explanation of fat metabolism in the animal and 
human body. The only odd-numbered fatty acid isolated from fats is iso- 
valeric acid, (CH; ).CHCH.COOH, which occurs in relatively large amounts 
in the dolphin and porpoise. 

Before dealing with the different fatty acids of which the natural triglycer- 
ides are formed, the lesser constituents of fats and oils will be discussed. We 
can correctly suppose that chemically pure triglycerides would be almost 
tasteless. The taste and odor of fats and oils is mainly caused by minute 
quantities of phosphatides, carotenoids, and similar pigments, as well as by 

Ctl. 
CH (CHIC. | CHIC 


Cholesteral 


’T. P. Hilditch, The Chemica! Constitution of Natural Fats, 2nd Ed., Wiley; New 
York, 1947. 
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volatile fatty acids, aldehydes, and ketones. Except for color and odor, these 
substances are unimportant for the soapmaker. However, cholesterol and its 
derivatives occurring in wool fat products have found entrance into the soap 
industry, especially for cosmetic and medical soaps. 

The structure of the phosphatides, e.g., lecithin, is similar to that of the 
triglyceride itself. Lecithin has also found use in the soap industry as a 
special addition to soap. On hydrolysis, lecithins yield two molecules of fatty 
acids, one molecule of phosphoric acid, and one molecule of choline: 


CH,OCOR CH.OCOR 
CHOCOR CHO--P(07)  OCTLCHSN* (CH) s 
CHO -P(O°) -OCH2CH:N* (CH:) » CHLOCOR 
oO 
Alpha-lecithin Beta-lecithin 


R denotes the carbon chain of the fatty acids, or more simply: 


/ fatty acid radical 
glycerine-—fatty acid radical 
\ phosphoric acid - choline radical 


TABLE XII-2 


Naturatty Occurrinc SaturAtTep Farry Actps2 


Common Systematic No. of C Mol. wt. Mele Heute Sipon, M.p. of 
name name atoms of acid plvesride detdueatrielycertde acid, °C, 

Butyric Butanoic 4 88.10 302.4 636.8 556.6 -8 
Caproic Hexanoic 6 116.16 386.5 483.0 435.5 - 3.4 
Caprylic Octanoic 8 144.21 470.7 389.0 357.6 16.7 
Capric Decanoic 10 172.26 554.8 32557 303.4 31.6 
Lauric Dodecanoic 12 200.31 639.0 280.1 263.4 44.2, 
Myristic Tetradecanoic 14. —— 228.36 -—— 723.1 245.7 232.8 54.4 
Palmitic Hexadecanoic 16 256.42 807.3 218.8 208.5 62.9 
Stearic Octadecanoic 18 284.47 891.5 197.2 188.8 69.6 
Arachidic  LEicosanoic 20 312.52 975.6 179.5 72:5 75.4 
Behenic Docosanoic 22 340.57 1059.8 164.7 158.8 80.0 
Lignoceric Tetracosanoic 24 368.62 1143.9 152.2 147.1 84.2 
Isovaleric _— 5 102.13 344.4 549.3 488.7 


Tables XII-2 and XII-3 show the properties of different saturated and un- 
saturated fatty acids occurring in natural fats and oils,” 


(2) Classification and Composition of Oils and Fats 


The nature of an oil or fat depends largely on its fatty acid composition. 
Oils with a higher amount of unsaturated fatty acid (t.e., one or more double 
bounds in the molecule) are usually liquid. Fats with a lower amount of 


2A, E. Bailey, Industrial Oil and Fat Products, 2nd ed., Interscience, New York, 
1951, pp. 10, 41, 46, 84. 


Fatty acid 


Decenoic — 
Dodecenoic (lauroleic) 
Tetradecenoic (myristoleic) 
Hexadecenoic (palmitoleic) 
Octadecenoie (oleic, etc.) 


Eicosenoic (gadoleic) 
Docesenoic (erucic, etc.) 
Tetracosenoic (selacholeic) 
Octadecadienoic (linoleic) 
Hexadecatrienoic 
Octadecatrienoic (linolenic) 
Octadecatetraenoic 


Ricinoleic (with one OH group) 
Eicosatetraenoic (arachidonic, etc.) 


Ficosapentaenoic 
Docosapentaenoic 
Docosahexaenoic 
Tetracosapentaenoic 
Tetracosahexaenoic 
Hexacosapentaenoic 
Hexacosahexaenoic 


No. of 
atoms 


10 
sips 
14 


DAAWMAMNTSR RE RWW NHS eS ee ee 


No. of 
double 
bonds 


TABLE XII-3 


CHARACTERISTICS OF LNSATURATED Farty Actps? 


Mol. wt. 


of acid 


170.24 
198.29 
226.34 
254.39 
282.44 


310.50 
338.55 
366.60 
280.43 
250.36 
278.41 
276.40 
298.44 
304.45 
302.43 
330.49 
328.47 
358.94 
356.52 
386.59 
384.57 


Mol. wt. 
of tri- 
glyceride 


548.8 
632.9 
717.1 
801.2 
885.4 


969.5 
1053.7 
1137.9 

879.3 

789.2 

873.3 

867.3 

933.4 

951.4 

945.3 
1029.5 
1023.5 
1113.7 
1107.6 
1197.8 
1191.8 


Neutr. 
value 


329.6 
282.9 
247.9 
220.5 
198.6 


180.7 
165.7 
153.0 
200.0 
224.1 
201.5 
203.0 
188.0 
184.3 
185.5 
169.8 
170.8 
156.5 
157.4 
145.1 
145.9 


Sapon. 
value of 


of acid triglyceride 


306.7 
265.9 
234.7 
210.1 
190.1 


173.6 
159.7 
147.9 
191.4 
213.3 
192.7 
194.1 
180.3 
176.9 
178.1 
163.5 
104.4 
IS5L.1 
152.0 
140.5 
141.2 


Todine 
value of 
acid 


149.1 

128.0 

112.1 
99.78 
89,87 


81.75 

74.98 

69.24 
181.04 
304,17 
273.02 
367.35 

85.06 
333.91 
419.67 
384.04 
463.68 
393.99 
427.20 
328.31 
396.04 


Iodine 
value of 
triglyceride 


138.77 
120.32 
106.20 
95.04 
86.01 


78.54 

PAPA] 

66.93 
173.21 
289.48 
261.61 
351.21 

81.58 
320.17 
402.79 
369.85 
440.42 
341.89 
412,52 
317.88 
383.38 


Ming 2G; 


normal (cis) 16.3 
(iso) 44-45 


“TEX 
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IdORENI 


NOI 


oe 


ay 
SCeHNAML woe conivol’ oh beriel i: ive wi 


DoH eee et ep 


TABLE XII-4 


VEGETABLE Orts AND Fats 


Chinese 
. . Borneo ; < Cohune 
Pan . Almond oil Babassu oil Castor oil vegetable Cocoabutter Coconu oil = 
Composition of fatty acids (nd) (nd) tallow (nd) tallow (nd) (nd) nut oil 
(nd) (nd) (nd) 
(@) Saturated Ac 
Manroic, (Chik «5.0... 0.1 Trace Trace 
Caprylic, "CekasOs ...1.--+ 6.5 8.0 T.5 
Capric, CiwenOs no. .e es = 2.7 7.0 6.5 
Laurie, Ci2kl20: .... . 45.8 pay 48.0 46.5 
Mvristie, Cdl»... fez 19.9 6 17.5 16.0 
Palmitie  CialTeO> 45 6.9 18. 0 57.6 24.4 8.8 9.5 
Stearic, Ca Trace i od 1.0 1.8 35.4 a) 3.0 
Avuechidie (Ce dikes 4 — inal - 
Iiehenic. Catiyp2 2.2.2... 
Tionnceric, ( InQo ..... 
(bd) Casaturated Acidy 
Mvristoleie, @: IeOs 1.2... 
Palmitoleie, CuHwOo 2... 
Mleia, Cy kis 17.0 18.1 B74 8.6 B44 aR. G.a 10.0 
Linoleic, “lias 17.5 Lee 3.5 eal ps 1 
T.innlenie, brome 
Hlueostearie, C EHan02 
Rieinoleie CisHaOn - $4.9 
Ca-unsarirated, C2 
Ca-unsaiirated, 
Prucie, Ceo Hacl 
(c) Constants = 
Specific gravity, 15/15°C. 0:018-0:920'~ 0: 916 0.918 Soo Jeet 0.958-0.968 0.890 0.973 0. wee 7 ¥ $19 es eels T1 
(Pa; 2a | (9 5 _ (n0*) (9 
Rafrnactive infex ........ 1.453 ie 459 1449-1.451 1.456-1.457 1478-1477 1.456-1.458 1.453- 5 458 1. 448. " 450 1.449-1 “450 
(25) (40) i-$0°) (25°) (40° (40°) (40°) 
lim cece! os. ayes. 2sece 93-105 14-18 2s BA 81-91 20-29 35 40 1.5 -10.5 9 14 
Sanonifieation value ..... 185 196 247 -251 189-200 146-187 190-200 250 264 242-260 
Tnsaponifiable matter, % 0.8 Below 0.8 0.4-2.0 Below 1.0 Below 1.0 Below 0.5 Below 0.5 
gas OLR. Se escent cuca 10-12 23-22 31 53 - 45 45-50 20-24 20-21 
Melting noinf, °C. .. - 24 -26 84 39 HE 28--36 23-26 18-24 
AGBTUEEAININES 5 cesses scsvais ae = == = 144-150 - 8 
Reichert-Meiss] value .... Relow 0.5 10-12 Below 0.5 Below 0.5 Below 0.5 Relow 1.0 66S 6.8: S.+ 
Pol@mske value ......-.5. Below 1.0 Below 0.5 Below 0.5 Below 0.5 Below 0.5 12 18 42510; 


4d. drying oil, sd= semidrying oil, nd © nondrying oil. 


906 


AYO “a 


ST¥IHALY 


= 
Seon anhwpw ODwo-*12U40N— 


DO Neb et 


ee 


Composition of fatty acids 


(a) Saturated Acids 
Caproic, CubisOse wen: 
Caprylic, CsHiwOo ..... ste) 
apric, CipkbeoOo mene asc: 
Tiauric) Clot iennperacaar: 
Myristic, CisHO2 ........ 
Palmitic, CisHs20: ....... 
Stearic, C:HseO2 ....... i 
Arachidic, ConHsnO2 ...... 
Behenic, CxHynO: ...... mo 
Lignoceric, Cs HisO. .,,.. 

(bh) Unsaturated Acids 
Myristoleic, CuHosO2 . 
Palmitaleic, CisHs002 
Oleic, CisHasO. .... 
Linoleic, (isHaO2 . 
Linalenic, CisHs,\O2 .... 
Elaeostearic, Ci:HaoO2 . 
Ricinoleic, Cistls:-O% 
Cor-unsaturated, C: 
Ce-unsaiurated. C» 
IOpAO, COISUETOL) 6 naan ore 

(¢) Conatants 
Snecific gravity, 15/15°C 


Refractive index ....... 


Iodine value ........ 
Saponificatian value 
Unsaponifiable matter, % 


Wma (8h carcanee ace ion 
Nicehobales jakenbahii, LCE ron ten : 
Acetyl value ....... Crores 
Reichert-Meiss! value | 

Polenske value .......00. 


«d=drying oil, sd =semidrying ail, 


0.022 -0.926 
1,470-1.47-4 


Curn oil Cottonseed 
oil 
(sd) (sd) 
0.5 
TA 21.4 
3.5 2.0 
0.5 Trace 
0.2 
46.3 33.0 
42.0 43.5 


(25°) (25°) 
108-128 99-11; 
18i=198 1898-198 
Helow 2 Below 1 


14-20 20-37 


10 15° 12. 


ey 
Trelow 0.5 Below 1 
Below 0.5 Below 1. 


nd=nondrying oil. 


Tlempseed 


oil 
(d] 


ee 


who 
em 
0 30.50 


0.916- 0.918 0,929 0.934 
1.479 


10.0 


Japan 
tallow 
(nd) 


12 
Trace 


0.965—-0.990 
1.455- d 458 


Below 1.0 


Opowste 
AGEL. 


ay 


Moromurn 


palm kernel 


oil 
(nd) 


oe 
LP SE 
NOMA AH 


ie 


0.920 


1449 1 454 


(4q°) 
Vie13 


(continued) 
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106 


Si 


No. 


Composition of fatty acids 


(a) Saturated Acids 
Caproic, CeHi202 .. 
Caprylie, CaH1s0 
Capric, CioH20O2 
Tiauric, Ci2HaO2 .. 
Myristic, CiiHsO2 . 
Palmitic, CisHaeO2 ......- 
Stearic. ‘CsaHacO2 eras See 
Arachidie, CzoHad 
Behenic, CxHss0: . 
Lignocerie, C2sHasO» 

(b) Unsaturated Acids 
Myristoleic, CuH«O0: ..... 
Palmitoleic, CisHaoO2 ..... 
Mets, CnFQ: .......... 
Linoleic, CiwHs20. ....... 
Tinolenie, C1sH3002 
Elaeostearic, CisHs002 é 
Ricinoleic, CisH2iOa ...... 
Coo-unsaturated, Cz0FHs202 
Coo-ungaturated, C HecO2 
Brucie. CoAaOo .....6. ofA 

(c) Constants 


Specific gravity, 


15/15°C. 
Refractive index ,,...... 


AGMA SUVA GS oles eas a stelen 
Saponification value awe 
Deals matter, % 
Titers =C as 
Melting Sainte a A 
Acetyl] value ... 
Reichert-Meiss] value 
Polenske value ...,..... : 


*d- drying oil, sd 


TABLE XIL4 (continued)* 


VEGETABLE O1ts AND Fats 


Mustard Mustard a 
seed oil seed oil Niger seed live afl 
(Black) (White) (a) (nd) 
(nd) (nd) 
38 
[jae race 
— 8.4 9.0 
a 2 4.9 aa 
Trace 1 0.5 0.2 
2.0 of 
24.5 28 31.0 PATI 
19.5 14.5 54.3 6 
2 1 
50.0 52.5 = 
0.914 0.928 0.913 0.916 0.924 0.927 0.914--0.919 
1.465-1.477 1.468-1.474 1.467-1.469 1.466 1.468 
(25°) 25°) (40°) (25°) 
106-113 94-106 126-134 80-88 
176-184 170-178 188- 193 188-196 
Below 1.5 Below 1.5 0.5-1.2 Below 1.8 
- 8 8-10 26 17-26 
Below 1.0 4-12 


semidrying oil, nd=nondrying oil. 


Olive 
kernel oil 
(nd) 


0.918-0,919 
a 46 1.469 


181.184 
Below 2 


Palm oil 

(Africa, 

Sumatra) 
(nd) 


cou 
we 


0.921 0.925 
1.453-1.456 
(40°) 


Below 0.5 


Palm 
kernel oil 
(nd) 


0.860-0.873 


Peanut oil 
(nd) 


go | hots | 
@' eos 


wa 
at) 
oo 


0.917-0,921 
1.467-1.470 
(25° 


806 


SIVIddaLVA MVY & 


= 
° 


Seoranhoba 


= 


bas a Poppyseed Rapeseed Safflower Aas F Shea nut Soybean Sunflower Ucuhuba 

Composition of fatty acids pene, oil oil oil oil Sc sad) oi] hutter oi oi} butter oil 

(d) (nd) (da) Be (nd) (d) (sd) (nd) 

(a) Saturated Acids 
Caproic, CaHi202 ...,..... 
Caprylic, CsAHiO: ....,... ~ — — = - — _— 
Capric, CioH20O2 ......... — — — - — (en 
Tauniowi Crabs Ooe tec. « oe — Trace — — 14.8 
Myristic, C1sFIagQ2 ........ — — — abe — - 72.8 
Palmitie, CicHsO2 ....... a.5 (e rn al 2.9 £5 tel 6.5 3.5 4.9 
Stearic, CwAseO: ......... Trace ae 0.5 ala 4.5 41.0 4.5 3.0 
Arachidie, C20kIsO2 a ~ — Trace 0.6 0.7 0.4 — 
Behenic, C22HwO2 .... = = 0.5 — _— — a — 
Lignoceric, CasITinO2 - 1G Trace — Trace 04 = 
{b) Unsaturated Acids 

Myristoleic, CrsHesO2 ..... 
Palmitoleic, C1eHaO: 
CilaieyiGisbtecOs 8.0 28.3 23.9 32.8 47.4 45.0 35.5 b4.0 6.3 
Linoleic, CisHs:02 38.0 58.5 19.8 41.1 39.0 4.3 §2.5 58.5 
T.inalenic, CisH30O2 46.5 1.8 Trace == 8 


Elaeostearic, €:sHi002 . .. 

Ricinoleic, CisHasO3s ...... = 

Coc unsaturated, C2 E3202 -_— = ; 

Cx-unsaturated, C22HsseO2 = = =i - — 

1OaaTG, (OPiS lol) Ee ae — —; — - — - = a as 
(c) Constants 


Specific gravity. 15/18°C 0.930-0.937 0.924-0.927 0.913-0.918 0.925-0.928 0.920-0.926 0.916-0.918 0.924-0.928 0.922-0.926 0.871 


(99y 15 

Refractive index ........ 1.480-1.482 1.467-1.470 1.470-1.474 1.472-2.475 1.470- 1.474 1.464-1.467 1.474-1.476 1.472-1.474 1.456-1.461 

(25°) (255) (208) (25°) (25°) (40°) 25) (259) (40°) 
TOC eG gv Ute cence. cceicis.s.s. 193-208 130-140 97 108 140-150 103-116 56-67 120-141 125-136 18-16 
Saponification value ..... 188-197 189-196 170-180 188-194 188-195 178-190 189-195 188-194 5188228 
Unsaponifiable matter. % Below 1.5 Relaw 1 Below 1 Relow 1.5 Below 1.8 2-11 Below 1.5 Below 1.5 1,5-3.2 
Tifent "CMM. ucts hepa Pocat 15-19 11015 15-18 20-25 49-54 16-20 88-44 
Miele OlnigmmeG@i ns 5c6 5.5 -- —- — — 32-42 - 42-47 
Acety] value ........ atteiatve =A — 13 10 - — 14°16 ~ 
Reichert-Meiss] value - Below 0.5 Below 1 Below 0.5 28 1,2-2.5 Relow 1 Relaw 0.5 1 
Polenske Vale. wes 2s aa - = Below 05 — - Relow 1 Below 1 Relaw 0.5 f 


¢d=drying oil, sd=semidrying oi], nd=nondrying oil 


TIX 


AHL 
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No. 


= 
SoONnaobkwe 


en, 
ei 


ROM ite ee 
SS nA atae slo 


Composition of fatty acids 


(a) Saturated Aotds 
Rutvrie, CiltrOo . 
Caproic, CoO: 
Qaprylic, GullinGe 6... 
Capric, CiTH..02 aoe 

Lauri¢, Calla 
Myriatic, C.:Bo0: 
Palimitic ( s6Flet 
Stearic, CistiscOs 
Avachidie, CsolTinO2 
Rehenio He. 
Lignocerice, CaaflisOz 

(b) Uncsaturated Acids 
Myristoleic, CiseO2 . 
Palmitaleia, CiaHoO» 
Olele, Cul¥aQ, ......---, 
TLinoleie, Cu Had 
Linglenie, CHO: 
Wlaeostearic, Cala 
Hleinolwic, (bos 
Co imsaturated, CoHaO: 
C..-ungaturated, C 2TIs-O2 


(c) Constants 
Specific gravity, 15,15°C 

Refractive index, 40°C 

Todine value 


Saponification value 
Unsaponifiable matter, % 


Acetyl value 
Reichert-Meissi value 
Polenske value 


TABLE XII-5 


CHARACTERISTICS AND Composition oF Natrurat Oils aNnb Fats 


Butterfat 
(bovine) 


roe 
Meath osre  a oe 


whwHayoAs 


0.930- 0.940 
1.458 1.456 


26 42 


210 -238 
Below 0.5 


Bone grease 
(co miner- 
cial) 


50 55 


5- 10 


0.914 -0.916 


48. 56 


186-198 


Horse fat 


to 
mao 
mor 


0.916 -0.922 


1.462 
72 86 


195-199 


Lard 


ah 
oe 
to09 49 


PkNS 
oPraio 


boy 


0.934 -0.938 


1.459--1.461 
53-77 


190 202 
Below 0.8 
33 43 
33-46 


2.6 
Below t 


Neat's foot Tallow 
oil (beef) 
5.0 38-7 
18.0 : 
3.0 2021 
79.0 45 
13 


0.906. 0.912 0.948-0.952 


(25/25° 
1.458- 1.461 1.454-1.458 
69- 76 40 48 
190-199 190-199 
Below 0.8 Below 1 
20- 30 40.47 
— 40 48 
11 3-8 
Below 1 


Below 0.5 


OIG 


cease 
Tallow fon aa 
Composition 
(mutton) similar 
to lard 
5 
24-85 
30 zi 
oe) 
Poa 
s 
= Se 
36 3 
2-4 = 
Ps) 
—_ 
> 
=. 
nn 
0.937-0.952 = 
1.454-1,458 
85-46 50 55 
(darker 
grades 
60 -68) 
192--197 185-195 
Below 1 A 
43-48 38-42 
44-51 Fy 


No. 


AOS DISMAOS DOH 


Sy 


BoeuHu 
CxrxerS}TgpwD 


Composition of fatty acids 


(a) Saturated Acids 


Butvrtic iG (eka @Qemn acy tele cte 
Caproic, CoHwO2 .......-. 
Gopuvlic: (G<bic@2m -mrere ens = 
Cannic:..CroHanO2 cee see oroe 
Lauric. CwklsO2: ......--. 
Myristic, CsHasO2 ....... 


Palmitic GeHa2O2 ...... 


Stearic, CiasAyeO2 ......-- 
Arachidic, C2HyO2 ...... 
Behenic, CoxHiwO2 ....... 
Lignoceric, CziFlaOo ..... 


(b) Unsaturated Acids 


Myristoleic, CiusHosO2 ..... 
Palmitoleie, CisHa0O2 ..... 
MVGIO. Magen Oo ,..cunts :scccsmcec 
Linoleic, CisHa2O2 .......- 
Tinolenic, C-sFIanO2 ...... 


Blaeostearic. CisH3002 
Ricinoleic, CisHsiOa ... 


Coo-unsaturated, C2oHs202 ; 


Co2-unsaturated, C22HasO2 


(ce) Constants 


Specifie gravity 15/15°C 
Refractive index, 40°C 


OD iGY SEU fe sen GaEe 
Saponifiiation value ..... 
Unsaponifiable matter, % 
COSC e heme (C, ecemneaite sitcteus se ¢ 


Melting point 


ATA SAE pooch eonemas 


Reichert-Meiss] value .... 
Polenske yalue Fol. eon. 


Cod liver 
oi] 


Herring 
oil 


0.920-0.936 
1.470—-1.476 


(25°) 
124-128 
179-194 


2-3 


Relow 1 


Menhaden 
oil 


Trace 
17.0 
27.0 

Trace 


a Sod 
ns 
i 


0.925-0.936 
1.470-1.478 


(25°) 
148-160 
189-193 


Below 1.5 


Porpoise Sardine oil 


“ Salmon oil (commer- 
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unsaturated fatty acids are usually solid at ordinary temperatures. Further- 
more, oils with a high amount of unsaturated fatty acids (e.g., linseed oil) 
are likely to dry when exposed in a thin layer to light and air. In the fol- 
lowing classification, the words nondrying, semidrying, and drying occur 
which denote this property of an oil. They usually apply to oils of vegetable 
origin. Unsaturation of an oil or fat is shown by the iodine value (Chapter 
XXXVIII, 7) which gives the amount of iodine chemically absorbed by the 
fat molecule in grams per 100 grams of oil or fat. Every double bond in the 
fat molecule is responsible for the absorption of two atoms of iodine. Tables 
XII-4 and XII-5*° give detailed information on the properties and composi- 
tion of the most important fats and oils used in the soap industry. 

The soap industry, however, has to classify its fatty raw materials in a 
somewhat different manner in order to denote the properties of the soap pre- 
pared from them. Furthermore, the soapmaker is interested especially in the 
saponification value, which shows him the amount of alkali he has to use for 
complete saponification of the fat stock. The saponification value (see Chap. 
XXXVIII, 6) gives the amount of KOH (mg.) required to saponify 1 ¢g. of 
oil or fat. This value still does not give directly the actual amount of caustic 
soda required. This is simply calculated by multiplying the saponification 
value by 40/56.1. Table XII-6 gives the saponification value and parts of 
NaOH, etc., per 100 parts oils and fats and their fatty acids. If the com- 
position of the fatty material is compared with saponification value, it is 
found that the higher the percentage of fatty acids with a lower molecular 
weight, the higher is the saponification value. This accounts for the fact 
that coconut oil needs more alkali for saponification than does tallow. 

In classifying fats and oils according to the properties of the soaps they 
yield, roughly five groups of soap fats and oils can be distinguished: 


(1) Hard fats giving slow lathering soaps. This group includes tallow, garbage 
greases, hydrogenated marine and vegetable oils with a high melting point and titer, and 
palm oil. These fats form soaps with low lathering power in cold water, improving in 
warm water. They are mild on the skin and have good cleansing effect in spite of their 
slow lathering. As a group, they constitute about 60% of the total amount of fats used 
in the soap industry. Tallow alone constitutes about 40% of all soap fats. 

(2) Hard fats giving quick-lathering soaps (or the lauric group of fats). These 
comprise, coconut oil, palm kernel oil and babassu oil. The soaps made from the lauric 
sroup are less sensitive to electrolytes (see Chap. V, 1), e.g., common salt, and are thus 
suitable for the manufacture of marine soap, which lathers even in sea water. On the 
average, more than 15% of fats going into the soap kettles of United States soap factories 
are of this group, over 90% of which is coconut oil. 

(3) Oils giving soaps of soft consistency. In the United States, olive oil, soybean 
oil, and a certain amount of groundnut oil (peanut oil) are the more important of this 

2a Constants taken mainly from tables by the A.O.C.S. For more detailed informa- 
tion with regard to the composition of fats and oils see A. E. Bailey, Industrial Oil and 
Fat Products, 2nd ed., Interscience, New York, 1951. 
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group. Linseed oil is used mainly for the production of soft potash soap. Here, it must 
be mentioned that the classification is somewhat incorrect for olive oil. It is possible to 
produce a very hard and brittle soap purely from olive oil if certain conditions during 
the soap-boiling process are observed, namely, a strong salting-out on spent lye (see Chap. 
V, land XVIII, 1). Of the “soft fat” group, an average of 12% of all soap fats used in 
the U.S. belong to the soft fat group. Marine oils (whale oil) also belong to this group 
of soap oils. Some of the fats and oils of this group are of the semidrying or drying types, 


TABLE XII-6 


Oil or fat Fatty acid from corresponding oil or fat 

Mepis. at NaOH Na,CO, KOH K,CO, 

; Mean NaOH for (approx.) (approx.) (approx.) (approx.) 

Oil or fat sapon. : needed /100 needed/108 needed/100 needed /100 

value of Nat sH kg. fatty kg. fatty kg. fatty kg. fatty 

acid, kg. acid,ke. acid, kg. acid, kg. 
Linseed oil 193 13.8 14.7 19.5 90.8 95.2 
Hemp oil 192 13.7 14.4 19.1 20,5 94,9 
Sunflower oi] 0... 193 13.8 14,7 19.5 20.8 PAR?) 
Maize oil _._ a 191 13.6 14.7 19.5 20.8 25.2 
Somer lngem cull =. 192 13.7 14.7 19.5 20.8 BBY 
(Comsvayy Cuil ee 194, 13.9 14.8 19.6 20.9 25.4. 
Ground nut oil . 193 13.8 14.7 19.5 20.8 PAG 7 
Sesame (oils oe 190 13.6 14,7 19.5 20.8 25.2 
Gaston oily ea ee 181 13.0 13-7 18.1 19.2 Papell 
(Croll, Oil) 2 ce ee 179 12.8 13.7 18.1 19.2 Zoom 
Oliver ori een 192 oun 14.6 19,4 20.7 ZB yl 
Neatsfoot oil moat 194, 13.9 14.7 19.5 20.8 25.2 
Sarditie oleae 191 13.6 14.7 19.5 20.8 25) 
Whale oi] _. i, 188 13.4 14.1 18.6 19.7 24,2 
Cotton stearin —_. — 195 14.0 14.7 19.5 20.8 2o.2 
Palm ail a 199 14.2 14,9 19.7 21.0 PAS) 
Vegetable tallow — 200 14.3 15.0 19.8 Pall 25.6 
Rane fat . pms 195 14.0 14.5 19.2 20.6 25.0 
Lard + 191 13.6 14.7 19.5 20.8 25.2 
s! Tallow 198 14,4 14.9 19.7 21.0 25.5 
Palm kernel oil .. 248 WW 18,9 24.9 20.4 Be 
“Coconut oil _ sos mma 253 18.1 19.7 26.0 27.6 33.8 
Babussu oil 248 ae 18.9 24.9 26.4 32.5, 


which readily undergo changes under the influence of air or light or during storage. The 
soaps made from these oils are more liable to rancidity and discoloration than soaps made 
from tallow and fats of the lauric group (see Chapter XXXI). 

(4) Rosin. Rosin comprises a group in itself. This raw material will be discussed 
in a more detailed manner when describing the individual fats and oils. Soaps prepared 
from rosin lather quickly and dissolve readily, but are too soft to permit them from 
being used alone. However, it is often used with advantage as a portion of the fat stock. 

(5) Synthetic fatty acids and naphthenic acids. These will be dealt with later. 


Table XII-7 shows the characteristics of soaps made from various fats. 
This table deals with the characteristics of soap made from only one fat or 
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oil and it is readily understood that none of the individual fats produces the 
ideal soap. But with a knowledge of the characteristics of soaps made from 
individual fats and oils, the soapmaker can achieve a soap that approaches 
the ideal by blending the available stocks. Thus, in a combination of tallow 
and coconut, the latter will contribute solubility and lathering quality, while 
the former will contribute mildness and long-lasting lather. The character- 
istic of rancidity prevalent in cottonseed oil soap will diminish when mixed 
with tallow and coconut oil. However, the properties of individual soap fats 
set certain limits on the combinations that may be used technically for the 
production of a specified soap, but they leave a wide range of combinations 
open to the manufacturer within which he may substitute one fat for an- 
other, particularly if the fats belong to the same group. Furthermore, his 
choice of the pan charge is influenced by the price situation of the market. 

The soap industry is the Jargest consumer of inedible fats. Inedible tal- 
low, for instance, comprises approximately 20% of all edible and inedible 
fats and oils used in the United States and almost 90% of the inedible tallow 
produced goes into the soap kettle. This single fat constitutes almost 50% 
of all fats and oils used in the industry. Of course, edible fats and oils are 
used in the soap industry as well. Their use is determined, to a large extent, 
by price and market conditions. Following are classifications and definitions 
for inedible fats and oils.* 


l. Fats which are too unattractive for human consumption in taste, odor, color, or 
other physical and chemical characteristics because of: 

a. The mode of exiraction, as, for instance, steam-rendered tallow, which has 
an undesirable odor. 

b. Unpleasant origin, i.e., extracted from garbage and sewage, tankage, or con- 
demned animals. 

c. Their inherent characteristics, as, for instance, the odor of fish oils. 

2. Fats which are dangerous to public health because they are: 

a. Carriers of disease transmittable to man and condemned as such hy federal 
inspectors. 

b. Made intentionally poisonous for human consumption, as, for instance, 
palm kernel oil, denatured in order to save import duties. (Under the 
US. tariff act of 1930, palm kernel oil was permitted free of duty if dena- 
tured.) 

c. Poisonous for human consumption due to mode of extraction, as, for in- 
stance, olive oil foots. 

8. Fats coming from certain parts of animals, arbitrarily classed as inedible or, as 
we want to add, animal fats which have become strongly rancid and evil-smelling 
during prolonged or unsuitable storage or otherwise. 

4, The foots of the vegetable oil industry. 


3G. Hefter and H. Schénfeld, Chemie und Technologie der Fette und Fettprodukte, 
Vol, 4 (Seifen und Seifenartige Stoffe), Springer, Vienna, 1937. 

4 A, Kozlitz and P. Diebold, “The Demand for Fats and Oils in the Soap Industry,” 
Agr. Expt. Sta., Ames, Iowa, Research Bulletin No. 311, 1943. 


Saap 


Coconut oil 


Palm kernel 
oil 


Babassu oil 
Palm oil (re- 
fined) 


Olive oil 


Peanut oil 


Soybean oil 


Tallow 


White grease 
(ard) 


Whale oil 


Cottonseed oil 


Color 


White to yel- 
lowish 


Yellowish- 
white to yel- 
low-grey 
Same 


Yellowish 


Yellow to 
drab green 


Light yellow 


Light yellow” 
to green 


White to yel- 
lowish-white 


White 


Yellow brown 


Grayish-white 
to dirty yellow 


TABLE XH-7. Somes Oms ann Fats Ann tHe CiuARAcTERIsTics oF TuLir Sopium Soars’ 


Consistency 


Very hard, 
brittle 


Same 


Same 
Very hard 


Hard 


Hard on 
spent-lye, 
softer on 
niger 


Hard -. 


Very hard 


Hard 


Fairly soft 


Same 


Odor 


Practically 
odorless 


Same 


Same 
Similar to oil, 
like violet 


Weak, similar 
to oil 


Practically 
odorless 


Same 


Practically 
odorless. lower 
grades like fat 


Odorless 


Fishy 


Similar to oil 


Foam 


Quick big 
bubbles, short: 
lasting 


Same 


Same 


Slow, small 
bubbles, 


lasting 
Fairly good 


Same 


Mediocre 


Slow, small 
bubbles, 
lasting 

Easy, small 
bubbles, 
lasting 

Small bubbles, 
lasting 
Mediocre, 

but lasting 


Detergent 
quality 


Good also 
in cold 
water 


Same 


Same 
Very good 


Good 


Fairly 
good 


Mediocre 


Good 


Same 


Fairly 
good 


Good 


Skin 


reaction 


Makes 


Use 


Ali kinds of 


skin rough soaps, espe- 


Same 


Same 
Very 


mild 


Same 


Same 


Same 


Same 


Same 


Mild 


Same 


cially toilet, 


Saponification 


Quick with 
strong lye 


Av. theor. 
yield of 
glycerine 
on neutral 
fat or oi] 


14% 


Salt soln. 
for complete 
salting-out 


(NaCl) 


20° Be 


with tallow or stearic acid, shaving soap 


Household 
and toilet 


Same 


soap, Ss. powder 


Same 
Same 


Household, 
textile, and 
toilet soap 


Same 


Same 


Household, 
textile, toilet, 
shaving soap 
Household, 
flakes, toilet 
soap 


Soft soap 


Household 
soap 


Same 

Fairly easy 
with lyes 
10-15° Be 
According to 
FF A content 


Fairly easy 
with lyes 
15-18° Bé 


Fairly easy 

with weak 

lyes 

10-12° Bé 

Rather difh- 
cult, with 

weak lyes 

Same 


Easy with 
lyes 10-12° Be 
Refined oil 


13.5% 


13.5% 
11% 


10.5% 


10.5% 


11% 


11% 


1% 


10.6% 


difficult to sap’y. 


Same 


5° Be 


6° Be 


5.5° Be 


Same 


NOLLJAGOUINI—S1VINULVYW MVH ALLV4S GHD “IX 


C16 


216 B. RAW MATERIALS 


As already mentioned, about 90% of inedible tallow gocs into the soap 
kettle (since the candle industry has lost its importance as a consumer of tal- 
low). About 50% of grease goes into the industry, the remaining 50% being 
used mainly for the manufacture of lubricating greases. The “foots” of 
vegetable oils have a similar outlet as raw material for the soap industry and 
for the manufacture of lubricating grease. 


(3) The Deterioration of Fats and Oils 


Fats and oils are liable to deterioration by rancidity. The chief form 
which rancidity takes is oxidation. It is not necessary for great percentages 
of the oil or fat to undergo oxidation changes during the development of ran- 
cidity. Not more than 0.1% of the fat need actually decompose to form the 
volatile, low molecular weight compounds responsible for its rancid flavor 
and odor.® 

The oxidation of a fat or oil proceeds, first by the addition of oxygen at or 
near the double bond of a fatty acid chain. Unstable peroxides or hydro- 
peroxides, are formed. For a more detailed discussion of the modern con- 
cepts regarding the mechanism of rancidification, we refer to Lea and to 
Bailey.® 

Whatever the structure, the peroxides are but intermediate and transitory 
products in the general course of oxidation. They are highly reactive, and 
decompose quickly or combine with one another in a variety of poorly under- 
stood reactions, to yield the compounds actually responsible for rancid fla- 
vors and odors. 

The position and number of double bonds have a considerable effect on 
the readiness of an oil to become rancid and on the further change of the 
peroxides formed. The further chemical change of the peroxides is respon- 
sible for the formation of aldehydes of medium molecular weight and par- 
ticularly heptylic and nonoic aldehydes. Such compounds may be formed 
by oxidation and rupture of a fatty acid chain at a double bond: 


iH H : H " 4 
CH. (CHy) ¢C=C--R + 0. — CH: (CH2) e¢C—C—R — CHal CHa) «6 + : -R 


Unsaturated ©) 0) ag oO 
glyceride 
Peroxide Aldehydes 


Many other substances, including low molecular weight aldehydes and acids, 
hydroxy acids, keto acids, and ketones, are found in rancid fats, but it is not 


5 J, Pritzker and R. Jungkunz, Z. Untersuch. Lebensm., 57, 419-421 (1929). 

6C. H. Lea, Rancidity in Edible Fats, Dept. Sci. Ind. Research Food Invest., Special 
Rept. No. 46 (1939). A. E. Bailey, Industrial Oil and Fat Products, 2nd ed., Inter- 
science, New York, 1951. 
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believed that any of these contribute in any important way to the typical 
flavor and odor. The amount of oxygen required to produce rancidity varies 
considerably according to the composition of the oil, the presence or absence 
of antioxidants or prooxidants, and the conditions under which oxidation is 
carried out. Fats high in oleic acid and low in linoleic acid become rancid 
after the absorption of less oxygen than fats in which the ratio of these acids 
is reversed. The rate of oxygen absorption by a fat is accelerated by heat 
and by exposure to light (particularly ultraviolet). Hydrolysis does not nec- 
essarily, or even usually, accompany the oxidation of a fat. Therefore, the 
free fatty acid content of a fat does not indicate the presence or absence of 
rancidity. 

When the course of oxidation of a fat is followed experimentally, either 
by measuring the amount of oxygen absorbed, or by determining the peroxide 
value of the fat, it is found that the course of oxidation exhibits two distinct 
phases. During the initial phase—the induction period—oxidation proceeds 
at a relatively slow, and more or less uniform, rate. Then, after a certain 
critical amount of oxidation has occurred, the reaction enters a second phase 
characterized by a rapidly accelerating rate of oxidation, and an eventual 
rate many times greater than that observed in the initial phase. The point at 
which the sample begins to smell and taste rancid coincides with the early 
part of the second phase. 

There exist organic compounds—natural constituents of fats and oils, as 
well as other organic compounds—which improve the stability of oils and 
fats against rancidity, and these substances are especially important for the 
edible oil and fat industry; but it is important to note that antioxidants may 
have a very undesirable effect on the soap produced from such fats and oils. 
Hydroquinone has a very marked antioxidative effect, but it tints soap with an 
unpleasant brown color (Chap. XXXI, 4). Rancidity occurs in the soap as 
well, and is not necessarily caused by the presence of unsaponified fat or oil 
(see Chapter XXXI). 

Rancidity in fats and oils may also develop from the action of micro- 
organisms. These may cause very disagreeable rancidity, especially if tissue 
substances in crude or insufliciently refined tallow or grease start to decom- 
pose and ferment. Furthermore, triglycerides of lower molecular fatty acids, 
e.g., in coconut or palm kernel oils, are prey to a special form of rancidity 
(caused by microorganisms) called ketone rancidity,’ which is characterized 
by a distinctive but not always unpleasant “esterlike” odor and a pungent, 
unpleasant taste; it was recognized (under various names) for many years 
before the mechanism of its production was understood. “Haller and 
Lassieur™* had identified methyl hepty] and methyl nonyl ketones, together 


7C. H. Lea, Ranecidity in Edible Fats, H. M. Stationery Office, London, 1938, pp. 
56-60, 
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with smaller quantities of methyl undecyl ketone and of methy! heptyl and 
methyl nonyl carbinols, in the strongly smelling oil recovered during the com- 
mercial deodorization of crude coconut oil with steam. These must have been 
produced during drying of the copra or during storage of the oil, since coco- 
nut oil expressed from the fresh nut has a mild, agreeable, almondlike odor 
and taste. However, in 1921, Stokoe” appears first to have definitely attrib- 
uted “perfume” rancidity in coconut oil and in butter and margarine to the 
presence of ketones rather than of aldehydes or esters, and to have shown that 
these are produced by a particular group of microorganisms, Later investi- 
gators of this defect, particularly in coconut oil, have confirmed the finding 
that the characteristic odor developed is due to the action of molds, mainly 
Penicillium and Aspergillus, on the fat in the presence of moisture and ni- 
trogenous material.”" 

Here again the cause is the presence of organic substances from the tissue 
of the fruit which has remained in the oil. Strong refining would remove 
these substances together with products of rancidity already in the oil. 

It should be pointed out here that for the use of fats and oils for the manu- 
facture of soaps, even strong rancid oils and fats may be prerefined in order 
to become useful raw materials for the soap industry. 


va A. Haller and A. Lassieur, C. r. acad. sci. Paris, 150, 1013 (1910); 151, 697 
(1910). 

7 E, N. Stokoe, Biochem. J., 22, 80 (1910); J. Soc. Chem. Ind., 53, 345T (1934). 

7¢Q, Acklin, Biochem. Z., 253 (1929). 


CHAPTER XIII 


REFINING OF OILS AND FATS* 


Refining oils and fats for use in the soap industry is for the purpose of re- 
moving free fatty acids, mucilage, and coloring matter. It is not necessary 
to remove volatile odoriferous substances from an oil for the soap pan. Only 
in the case of fish oil and other strong-smelling oils and fats may a deodoriza- 
tion process be desirable (see Chapter XIII, 4). 


(1) Desliming of Oils and Fats 


The mucilaginous substances are removed by the action of dehydrating 
chemicals, mainly concentrated sulfuric acid. This process, very often used 
in the soap factory itself if a crude oil is to be pretreated, cails for much care 
and experience.® 0.75 to 1.5% of concentrated sulfuric acid, 66° Bé, is run 
slowly into the oil contained in an acid-resistant kettle of iron or other ma- 
terial, equipped with stirring gear and preferably cooled to 15 to 20°C. Dur- 
ing this operation the oil is thoroughly stirred. The sulfuric acid has a co- 
agulating action whereby dissolved products, such as mucilage, are precipi- 
tated. If too much acid is present, or if it acts for a prolonged time, it attacks 
the oil itself. The acid also inactivates the enzymes, which may be responsible 
for decomposition and rancidity of the oil. 

At first the oil is colored green by the acid, but later it becomes jet black. 
A drop placed on a porcelain plate appears to be light colored, with inter- 


* A discussion of the extraction of oils and fats is considered to be outside the scope 
of this book. For a modern treatment of extraction methods, see Bailey, Industrial Oil 
and Fat Products, 2nd ed., Interscience, New York, 1951. 

8 J. Davidsohn and A. Davidsohn, Soap, Perfumery and Cosmetics, 11, 794-798 
(1938). 
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spersed dark flakes. After 4-5 hours the flakes settle out completely when 
some water is added and the oil is left to clarify further. The upper layer 
consists of oil purified in this manner; the lower layer consists of the decom- 
posed proteins, with a certain amount of oil remaining mixed with unchanged 
sulfuric acid (the latter may sometimes be seen in a separate layer at the 
bottom). This deposited oleaginous layer can also be worked up to tech- 
nical products, among which the organic sulfo acids are particularly im- 
portant. 

Sometimes oils are deslimed by treating the crude oils with the bleaching 
earth used for bleaching alkali-refined oils (Chap. XIII, 3, B). By this proc- 
ess, no additional loss of oil occurs, since the oil which was absorbed by the 
bleaching earth is added together with the earth. Often a small amount of 
water makes the process of desliming more efficient. Certain oil impurities, 
such as phosphatides, proteins, or protein fragments, and. gummy or muci- 
laginous substances, are soluble in the oil only in an anhydrous form, and 
can be precipitated and removed if they are hydrated. A small amount of wa- 
ter is dispersed in the oil by vigorous stirring at slightly elevated temperature 
(about 40°C.). The process may be a continuous one, in which case the wa- 
ter and oil are emulsified together in a continuous mixing device, and after a 
suitable holding time the hydrated substances and the excess water are re- 
moved by continuous centrifugation. In some cases a weak solution of so- 
dium carbonate, sodium bicarbonate, trisodium phosphate, or other non- 
caustic alkali is substituted for the water, and the use of sodium chloride solu- 
tion, boric acid, phosphoric acid, and other weak acids, etc. has also been 
suggested in various patents. 

The hydration process is employed especially for soybean and corn oil 
and sometimes for cottonseed, peanut, and sunflower oils as well. The hydra- 
tion method of refining is not generally used on animal fats, since these fats 
are for the most part substantially free of phosphatides or other hydratable 
substances. It has some application, however, in the treatment of dry-ren- 
dered fats for the removal of dissolved or dispersed proteinous substances. 


(2) Neutralization of Free Fatty Acids 


The purpose of refining with caustic lyes is to remove free fatty acids and 
remaining mineral acids from any previous acid treatment. Both dilute and 
more concentrated lyes are used, chiefly caustic soda. It must be pointed out, 
however, that in some very obstinate cases a much better bleaching action 
has been obtained by neutralization with strong caustic potash than with 
caustic soda. The lye is run in from a raised kettle through a sprinkler into 
the stirred oil. The initial temperature is about 40°C., which is then increased 
to about 60 to 70°C. Samples are taken from time to time to see whether the 
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precipitated foots have acquired the desired settling characteristics, In that 
case the stirrer is shut off, and the mass left for 10 to 24 hours. The clarified 
oil is run off into a second vessel, where it is kept for some time at 40 to 
50°C., and washed with warm water or common salt solution (10° Bé). It 
is then ready for filtration or drying (Fig. XIII, 1). 

The effect of the caustic lye is primarily to neutralize the free fatty acids 
in the oils to form alkali soaps (soapstock). These absorb mechanically the 
coloring matters in the oils and other impurities. The bleaching action is 
based upon the latter effect. The alkali treatment naturally results at the 
same time in the formation of practically neutral oils. 

For many purposes in the soap industry, the bleaching action in the 
course of alkali treatment is adequate, and a supplementary bleach of the 
neutralized oil with bleaching earth (see below) is unnecessary. In that 
case, the soapstock need only be allowed to settle, when the oil can be trans- 
ferred to the soap kettle without being washed. The soapstock is extremely 
well adapted to the production of the darker grade bar soaps, and powders. 
Treatment of oils and fats with lye is, indeed, the simplest operation of all 
for the soap industry, because no special outlay on chemicals, etc. is required. 
Oils or fats treated with alkali are particularly suitable for the production of 
toilet soaps, owing to the exceptional stability of these soaps. 

Neutralization may be carried out as follows. The temperature during 
neutralization depends to a large extent on the melting point of the fat, e.g., 
tallow is heated with steam in a closed or hooded kettle to a temperature of 
99-100°C. (210-212°F.). Vegetable oils are neutralized at considerably 
lower temperatures (45-60°C.). Before the caustic soda is added it is de- 
sirable to shut off the steam and allow the excess water to seitle so that it may 
be drawn off at the bottom. Enough caustic soda is then added to neutralize 
completely the free fatty acids. The strength of the caustic solution varies 
with the percentage of fatty acids being removed, 8° Bé being effective with 
low fatty acid. With increasing percentages of fatty acids, the strength of 
the caustic solution is advantageously raised to as much as 12° or 14° Be. 
Soapstock settles to the bottom of the tank and is removed. The refined tal- 
low is washed with hot water and, after settling overnight, any remaining 
soap solution is drawn off from the bottom. 

In recent years, continuous processes for refining have become well estab- 
lished. The Sharples continuous process® for continuous refining by caustic 
soda is of note. The crude fat is fed by a centrifugal pump through a pro- 
portionometer, which is constructed so that the rate of flow of the oil regu- 
lates the flow of caustic soda. The two are then mixed in a small tank, the re- 

9 E, H. James, Oil & Soap. 11. 137 (1984). FM. James (to Sharples Spocialiy Co.), 
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sulting emulsion is forced through a tubular hot water heater where the tem- 
perature is raised to 50°C., and is then separated by a centrifuge. Washing 
with water is accomplished in the same manner. The refining losses are 
about 30% below that of the batch process. The contact time of lye and fat 
in the mixer is about 50 seconds, and in the heater about 4 minutes. Another 
continuous process uses a combination of caustic soda and soda ash.1° Cen- 
trifuges are also used in this process for separating the soap stock. 

Other deacidification processes have been proposed which extract the free 
fatty acids from the neutral oil or fat with solvents in which the neutral 
elycerides are relatively insoluble, e.g., alcohols, furfural, and propane. The 
Solexol process, using propane at various pressures, can selectively classify an 
oil into various fractions, including a color fraction, with a high degree of 
economy over normal bleaching and refining processes and promises to be- 
come more important with use. Developed by the M. W. Kellogg Co. and li- 
censed by them, it is in commercial use in the United States for tallow re- 
fining for soapmaking purposes. 

The use of furfural has recently found commercial application in the 
United States and promises wide applications.** 

The steam deacidification process has found wide application in Europe. 
In this process the fatty acids are steam distilled out of the oil under certain 
conditions (e.g., in vacuum). The advantage of the latter process is that 
the oil and fatty acids are isolated at once as such, there being no necessity 
to separate the soapstock at first, and then wash the oil. It is a disadvantage 
of the process that scarcely any bleaching action occurs during deacidifica- 
tion. Processes of this type are, in any case, only economically feasible in 
larger factories. The process is mainly suitable for the removal by the steam 
distillation of higher percentages (more than 25%) from oils and fats. It is 
thus especially suited for the refining of palm oil. As the process is in prin- 
ciple a fatty acid distillation process, it will be described under the fatty 
acids (see Chapter XV, 2). 


(3) Bleaching of Oils and Fats 


Very often, special bleaching processes are employed for removing color. 
A fundamental distinction is drawn between the two main bleaching methods: 
chemical and adsorption.*** 


(A) BLEACHING WITH CHEMICALS 
(1) Oxidation bleaching with air, hydrogen peroxide, chlorine, potas- 


10 RB. Clayton (to Refining Co.), U. S. Pats. 2,190,593-4 (1940). See also M. K. 
Schwitzer, Continuous Processing of Fats, Leonard Hill, London, 1949 pp. 130-148. 
118. W. Gloyer, Ind. Eng. Chem., 40, 228 (1948). 


114 J, Davidsohn, Das Bleichen der Ole, Fette, Wachse und Seifen, Borntraeger, Ber- 
lin, 1931, 
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siumbichromate, potassium permanganate, sodium chlorate, and organic 
oxidizing agents such as benzoyl peroxide. 

(2) Reduction bleaching, especially with sulfurous acid or its salts, and 
salts of hydrosulfurous acid. These salts are generally used in conjunction 
with dilute sulfuric acid. Reduction bleaching is very rarely used for bleach- 
ing oils and fats, but oxidation bleaching is used extensively for the treat- 
ment of soda oils. 

The principal steps in bleaching with hydrogen peroxide are as follows. 
1-2% by weight of hydrogen peroxide (100 volumes strength) is added to 
the oil, which is maintained at a temperature of 160°F. for 3-6 hours. This 
is best achieved by blowing a vigorous stream of air through the heated oil, 
a process which exerts an additional oxidizing and bleaching effect and aids 
the work of the hydrogen peroxide. The use of higher concentrations of hy- 
drogen peroxide, from 40 to 60% by volume, has been claimed to produce 
a more complete bleach. 

In order to bleach with benzoyl peroxide, oil is heated to a temperature 
of 160°F., and 0.25 to 1% of benzoyl peroxide is added.” The oil is main- 
tained at this temperature with constant agitation until bleaching is complete 
—in approximately 3 to 6 hours. Agitation with air may be used to advan- 
tage. This process appears to require a certain amount of practical experi- 
ence to enable correct amounts of benzoyl peroxide to be employed in differ- 
ent batches of oil. Variations in the color of the oil necessitates the use of 
different quantities of bleaching agent, and it must be borne in mind that too 
little benzoyl peroxide will result in a pale green soap, whereas an excess will 
cause a reddish tint to appear. Benzoyl peroxide is described as the most effi- 
cient decolorizing agent for emerald green oils, and it is stated that ten 
times as much active oxygen is necessary when chlorates and acid are used as 
when benzoyl peroxide is the bleaching agent. 

An example to illustrate the range of peroxy compounds that may be em- 
ployed in the bleaching of soapmaking oils is the use of sodium perpyro- 
phosphate.?? The method comprises treatment of such materials as bone fat 
or cottonseed oil by heating to 50-100°C. and then agitating while slowly 
adding a perpyrophosphate sufficient to bleach the material. Agitation is 
continued and the temperature is maintained until the bleaching is effected. 
Bleaching with other oxidation compounds is less often used for pretreatment 
of soap oils and a detailed description is therefore superfluous. 

A very recent development in oxidation bleaching is bleaching with so- 
dium chlorite, a method especially suitable for bleaching fatty acid stock, but 


11b J, Davidsohn, loc. cit., pp. 162-165. 
12 A, Noder, U, 5, Pat. 2,250,203 (to Buffalo Electre-Chemical Co.). 
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also applicable to crude tallows and greases used for soap manufacture.*® 
The process may be used either on the crude tallow or on the grease without 
any previous neutralization of free fatty acids. In this case, tallow is heated 
to 99-100°C, (210-212°F.) and treated with 1% by weight 66° Bé sulfuric 
acid (1:1 with water), plus 0.1% sodium chlorite in a 10% aqueous solu- 
tion. The mixture is agitated for ] hr., heated to 104-5°C. (220°F.) to re- 
move moisture. treated at this temperature for 15 min. with acid-treated clay, 
and finally filtered. When refined tallow is used, it is heated with steam to 
a temperature of 99 to 100°C. (210-212°F.). Agitation with steam is 
continued and 1 Ib. of technical sodium chlorite is added per 1,000 lbs. of 
tallow, followed by portions of a 20% aqueous solution of sulfuric acid until 
the pH of the water layer (which is equivalent to 10% of the weight of the 
tallow )in the kettle is 4 or less. Bromphenol blue (available in paper strips 
or in solution) is very convenient and sufficiently accurate as an endpoint 
indicator. The transition from purple to yellow shows that sufficient sulfuric 
acid has been added to activate all of the sodium chlorite. After pH 4 has 
been reached, steam agitation is continued for half an hour. The water is 
again checked to guard against an unforeseen rise in pH value; at the same 
time a check on the bleaching properties of the water layer is made with starch 
iodine paper—which should turn blue. The desired bleaching effect has 
usually been reached at this point. Steam is shut off and the water content 
of the kettle is raised by the addition of small amounts of a weak caustic soda 
solution (8° Bé) to a pH value of approximately 8. The water settles to the 
bottom and is drawn off. The bleached tallow is dried and allowed to rest a 
short time so that the sludge may settle to the bottom, from where it can be 
removed, Failure to bring the pH value back to 8 may result in reversion of 
color in the drying or in subsequent action of the acid on iron tank cars. 
This method is called the acid activation process. 

Another method—the chlorine activation method—is carried out on the 
neutralized tallow as follows. Tallow is first refined as in the acid operation. 
A batch of refined tallow is heated with steam to 99-100°C. in a closed 
or hooded kettle and enough chlorine gas is added to the water layer (again 
representing about 10% of the weight of the tallow) to lower its pH to 6. 
Then 0.1% by weight of sodium chlorite, based on the weight of the tallow, is 
added. The chloride may be added as a 1-2% aqueous solution, or it may be 
more convenient to add the water first and, after 100°C. (212°F.) is reached, 
the determined amount of dry sodium chlorite may be added. In the latter 
case, boiling is continued long enough for the chlorite to be dissolved and 
equally mixed with the tallow. Sufficient additional chlorine gas is added 
to complete the reaction of the chlorite. The total chlorine required is not 

18 J. B. Tuttle and E. R. Woodward, Chem. & Met. Eng., 53, No. 5, 114-115 (1946). 
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more than one-third of the weight of the chlorite used and the gas may be 
added in 40 to 60 min. 

Chlorine addition is carried out in the following manner. Two 150-lb. 
chlorine cylinders are manifolded together and used simultaneously in order 
to reduce the rate of withdrawal from each to prevent freezing. The cylinders 
stand on a platform scale and the outlets are connected to a 14-in. brass tee 
by means of %g-in. copper tubing. From this tee a single copper tube goes 
to a 200-lb. chlorine gage and then to a second tee from which two lines 
branch out, one going to each of the two large kettles. However, both kettles 
are not used simultaneously. A 14-in. threaded Hastelloy nipple is welded 
into each tank wall near the base of the cone. A 14-in. Lunkenheimer needle 
valve with Hastelloy seat and stem is on this nipple. The valve is kept closed 
until .chlorine pressure shows on the gage. Then the valve is opened and 
chlorine flows into the water layer at the base of the kettle. When chlorine 
addition is completed, the chlorine valve at the kettle is closed and the chlo- 
rine supply is shut off at its source. Agitation with steam continues for a 
total of 30 min., after which the bleaching reaction is accomplished. The 
total bleaching process is carried out in 1.5 hours, which represents best prac- 
tice. The process is carried out in 0.5 hour elsewhere, but because of the 
speed with which the activating agent is added there is loss of chlorine di- 
oxide from the top of the kettles. Enough dilute caustic is added to raise the 
pH of the water layer just above 8. 

The actual bleaching effect is accomplished by chlorine dioxide, which 
originates in the “acid activation” process according to the equation: 


5NaClOz + 2H2S0. > 4C102 + 2Na»SO. + 2H20 + NaCl 
and in the “chlorine activation’’ process according to the equation: 
2NaClO2 + Cl. — C102 + 2NaCl 


The use of ClO, for bleaching involves a certain amount of hazard. The Na- 
tional Board of Fire Underwriters (Research Report No. 7, 1949) recom- 
mended the following procedure: 


“Suitable instructions as to safe operation of unit and chemicals should he posted. 
Operation of the generator should be supervised by a qualified operator. Safety equip- 
ment should be readily available. An operator should he stationed at the instrument 
panel for regular observation of gauges and meters. These and other precautions, if ob- 
served, should result in the safe production of chlorine dioxide.” 


Thomssen and Kemp* describe the bleaching of palm oil with sodium 
dichromate. The reaction is performed in lead-lined tanks at a temperature 
of 150-160°F. Concerning bleaching of palm oi! in air more will be said 


14 E. G. Thomssen and C. R. Kemp, Modern Soap Making, MacNair-Dorland, New 
York, 1937, p. 30, 
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when dealing with this important raw material, for which this method is ex- 
clusively used. 


The dichromate method is not widely used at the present time. It depends 
on the oxidation reaction: 


NasCr.0; + 8HCl —> CreCl, + 2NaCl + 70 


and works best on a low acid clean oil. Approximately 1 dichromate and 
2% concentrated hydrochloric acid on the oil weight is required. Half the 
acid is added to the oil, which should have a temperature between 45 and 
50°C. The dichromate is dissolved in the balance of the acid and added 
slowly to the lead-lined tank of air-agitated oil. After two or three hours, the 
oil is allowed to settle and the sludge is run off. One or more hot water washes 
are given to remove the residual traces of chromates and chromic acid. 


(B) ApsorpTion BLEACHING 


It should be pointed out that in many cases oxidation bleaching of 
fats and oils, especially with peroxy compounds, may yield products with 
pale color, but very often color reappears when saponifying these fats and oils 
in the soap pan. This change is inherent in the nature of oxidation bleach- 
ing agents, whose action is generally due to taking up of oxygen. These 
comparatively labile compounds may subsequently be decomposed during 
saponification. This, as a matter of fact, is not necessarily the case, but 
bleaching by the adsorption method is, in any case, free from these draw- 
backs. The trustworthiness of bleaching by this method of adsorption arises 
from the circumstance that the coloring matters, mucilaginous substances, 
etc. are very largely removed by the adsorption agent, and not merely modi- 
fied, as is almost invariably the case in bleaching with oxidizing and reducing 
agents. This method of bleaching will, therefore, be treated in more detail.*® 

It should first be pomted out that the percentage of bleaching agent varies 
with the type of oil and the desired bleaching effect. Of course, the quality 
of the bleaching earth or the bleaching mixture is of decisive influence. This 
important point is best tested by preliminary experiments. The percentage 
of bleaching earth or bleaching mixture is generally between 1-5%. A good 
bleaching action depends, first, upon the oil (in cases where it is previously 
neutralized with lye) being completely free of soap and water, since otherwise 
a large proportion of the bleaching earth is used up in adsorbing soap, mois- 
ture, etc. 

Besides, traces of soap impede the action of most bleaching earths, espe- 
cially the activated earths, by raising the pH] of the earth during the bleaching 
process. In addition, the oil must contain no impurities and as little gummy 


15 J. Davidsohn and A. Davidsohn, Ind. Chemist, 13, 281-283 (1937). E. I. Better, 
Allgem. Oel u. Fetiztg., 29, 331 (1932). 
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substances as possible—-a condition which applies equally to the unneutralized 
oil (see XIII, 1}. The bleaching is best carried out in a good vacuum, par- 
ticularly when drying or semi-drying oils such as linseed, hemp, and sun- 
flower are being treated. The use of vacuum is recommended in all cases, 
since oxidative processes are thus suppressed which otherwise would be detri- 
mental to the effect of the bleaching earth and to the keeping qualities of the 
bleached oil. Often the reason for chemical changes is sought in the bleach- 
ing earth, when they are really due to the occurrence of atmospheric oxida- 
tion during the bleaching process. Other causes lie in the oil having been 
pressed from bad seed, having been expressed at too high a temperature, or 
having received otherwise unsuitable treatment. 

The temperature of bleaching depends on the type of oil and usually 
ranges between about 110 and 130°C. Various opinions have been expressed 
by experts as to whether it is best to add all of the bleaching earth in advance 
or in portions. As it is not likely that the same procedure will be the best for 
every oil, this point should be investigated experimentally. In vacuum 
bleaching, the bleaching agent is best added by being drawn into the ap- 
paratus by vacuum suction. Jt must also be pointed out that in vacuum 
bleaching the bleaching effect itself is not increased, only oxidation processes 
are precluded. The vacuum vessel must be provided with an efficient agi- 
tator, since agitation shortens appreciably the time required for the bleaching. 
With a good agitator, bleaching time rarely exceeds 30 minutes. It is best to 
follow the bleaching by withdrawing samples from time to time; these should 
be run through folded filter papers into a series of similar glasses for com- 
parison of the color measured in a colorimeter. When it has been ascertained 
that the bleaching is finished, the cooled oil is filtered as rapidly as possible, 
taking care to avoid excess exposure to air. The oil retained by the bleaching 
agent must only be blown out by compressed air when the filter press is full, 
since then only a small proportion of the oil is subjected to possible oxidation. 
Even here great care is necessary, as will be seen later. If the filter press is 
not full of spent bleaching agent, it should be left full of oil until filled up 
with residue from the next bleaching, and then blown. When the bleaching 
agent is used twice over, e.g., for pretreatment of crude oil, the blowing takes 
place only at the end of the second bleaching (of the crude oil). Naturally, 
oxidation of the crude bleached oil is less important, as this has still to be 
refined and further bleached. As in working with oxidizing oils, the careful 
refiner will in any case return the blown-out oil to the crudes. 

Air blowing of highly oxidizable oils, c.g., linsced or sunflower oil, must 
be performed with great care, since too strong a blowing may lead to sponta- 
neous combustion or to the cloths being spoiled and recovery of the oil 
residues being rendered difficult because of the far-reaching oxidation which 
has taken place—quite apart from the detrimental effect on the quality of the 
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recovered oil. If it is desired to regenerate the bleaching earth, special pre- 
cautions have to be taken with the blowing process, for regeneration of the 
earth is very easily upset. Blowing out of the filter presses with steam ensures 
maximum recovery of oil. If care is taken to cut off the air or steam supply 
when the oil ceases to run from the press, damage to the cloths is practically 
precluded. However, the press must be opened immediately after the blowing, 
as it is quite possible to burn the cloths, e.g., with soybean or linseed oil. 
Further, the spent and blown earth must be removed immediately from the 
refinery and spread out to cool. This is especially necessary with soybean 
oil, the oxidation of which is so strongly exothermic that it may burst into 
flame. 


(a) Use of Active Carbon 


It has been found that in the bleaching of certain oils a particularly good 
effect is obtained by the addition of active charcoal to the bleaching earth. 
This applies especially when the finished oil is required to be very pale, and 
when the crude oils themselves are very light in color (e.g., coconut and palm 
kernel oils). In such cases, a considerable percentage of charcoal is used 
(on the bleaching earth); indeed, some plants operate with active carbon 
alone, in the proportion of 0.5-1.0% on the oil. This is often done to bleach 
coconut oil. The use of active carbon mixed with bleaching earth is nearly 
always to be recommended. Carbon alone would not only be too costly in 
the majority of cases, but would actually be unsuitable, a better effect being 
obtainable with a carbon-bleaching earth mixture, or even with a good bleach- 
ing earth alone. Active carbon is thus a valuable adjunct to a bleaching 
earth. It is usually used in the proportion of 1 part of charcoal to 8 parts of 
earth. The type of active carbon most widely used in the oil and fat industry 
is mainly produced by activating charcoals derived from wood or other cel- 
lulosic materials such as waste material from the pulp and paper industry. 
Bone char is seldom used for bleaching oils and fats. 


(b) Use of Sulfuric Acid in Conjunction with Bleaching Earth 


Many oils can be bleached by treatment with sulfuric acid and bleaching 
earth together. Thus, we have found repeatedly that certain dark liver oils 
could be bleached only by treating them first with concentrated sulfuric acid 
and then, without removing the acid, by adding bleaching earth. The latter 
takes up the acid, so that the acid value of the oils is scarcely increased by 
the combined treatment. Generally, 2-3% of sulfuric acid is added very 
slowly to the agitated oil at 30 to 40°C., stirring then being continued 
for about half an hour. The earth (3-5%, on the oil) is then added, and the 
whole is gradually warmed to 100°C. The progress of the treatment must be 
followed by frequent sampling, particular attention being paid to the acid 
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value. In the above case, the acid treatment tends to remove albuminous 
maiter present in poorly rendered tallow and produces a product of much 
greater stability than would otherwise be possible with earth bleaching alone. 


DEODORIZATION 


This chapter on oil and fat refining may be concluded with a discussion 
of the process of deodorization. Deodorization—the removal of volatile odor- 
ous substances from oil and fats-—is especially important for the production 
of edible oils, but it has a certain importance for soap oils as well. Deodori- 
zation of oils and fats involves a treatment of the oil by superheated steam 
in a high vacuum. In effect, deodorization is a form of steam distillation 
that removes from the oil those constituents which are volatile under the im- 
posed conditions of high vacuum and temperature.‘ 

Depending on the character of the oil the percentage of volatile odorifer- 
ous constituents varies. It even varies in the same kind of oil. Usually the 
percentage is very low—from 0.1 to 0.5%. Thurmann™’ summarizes the 
losses by deodorization at approximately 0.12% in peanut and cottonseed 
oils and up to 1.75% in beef tallow. However, these losses do not arise ex- 
clusively from the odor-producing constituents. They represent also the loss 
of other volatiles in the oil. ‘he volatile constituents which are eliminated 
in deodorization vary in the different kinds of oil. Some oils contain bodies 
belonging to the terpene group; others contain ketones, alcohols, and alde- 
hydes. In rape and similar oils the odoriferous constituents are sulfur com- 
pounds, and in fish oils they are nitrogenous compounds. The varying flavors 
and odors encountered in different crude oils are partly due to the presence 
of mixtures of the above-mentioned volatile constituents. The characteristic 
odor of hydrogenated oil is probably due to the reduction products of the 
ketones and aldehydes. 

In a sense, the steam-deodorizing process has a certain similarity to the 
removal of free fatty acids by means of steam (steam refining). In deodoriz- 
ing, the percentage of free fatty acids usually decreases, since they are con- 
siderably more volatile than the glycerides. There are two methods of steam 
deodorizing: the batch process and the continuous process. In both, a high 
vacuum is maintained and superheated steam is injected. In the usual batch 
deodorizer, the time for complete deodorization varies between 6 and 12 
hours. Deodorization time for soap oils may be appreciably lower. Some 
deodorization plants work in a circulation system. The oil circulates rapidly 
through a heater, steam being injected into the oil at the entrance into the 
heater and passes together with the oil through the heating coils. 

In the continuous deodorization process only a small amount of oil at a 


16 J, Davidsohn and A. Davidsohn, Food Ind., 16, 92 (Sept., 1944). 
17 B, H. Thurmann, Ind. Eng. Chem., 15, 395 (1928). 
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time passes under high vacuum through the deodorizing tower where oil 
comes into contact with superheated steam. Thus, only a small amount of oil 
comes into contact with a relatively large amount of superheated steam under 
vacuum and an optimal effect is gained. The deodorizing tower is con- 
structed similarly to the “bubble cap tower” used in petroleum refining. Su- 
perheated steam is admitted at the bottom and it leaves laden with the odorif- 
erous substances at the top." 

In conclusion, it should be pointed out that it is very often possible to 
deodorize oils and fats for use as fat stock for the soap industry simply by 
blowing steam through it in the soap pan itself or by boiling it over a 5% 
brine solution. With this simple method it was found possible to deodorize 
lower grade tallow in a very satisfactory manner. 


18). K. Dean and E. H. Chapin, Oil & Soap, 15, 200-202 (1938). 


CHAPTER XIV 


HARDENING OF OILS 


The process of oil hardening consists of an addition of hydrogen to the 

molecule of the oil or liquid fatty acid, and all efforts toward practical realiza- 

- tion have been based on this. The addition of hydrogen to liquid fatty acids, 

free or bound to glycerine as the natural triglycerides, takes place at the 

ethylenic linkages. From 2 to as many as 6 or more atoms of hydrogen can 

be introduced, depending on the degree of unsaturation. A typical example, 
that of the conversion of oleic acid into stearic acid, is as follows: 


CH; - (CHs);- CH : CH(CH:);- COOH +H: — CHs- (CH:),- CH.- CH:(CH2);- COOH 


The natural vegetable oils, which are those most concerned in the harden- 
ing process, are, of course, mixtures of various unsaturated fatty acid tri- 
glycerides. The technical development of fat hardening was based on the 
Normann process’® and on a series of other patents on the hydrogenation of 
oils. In principle, there now exist three methods of fat hardening, distin- 
guished by the method of securing adequate contact of hydrogen, oil, and 
catalyst.?° 


(1) The agitation process (Normann), in which mechanical agitation is used to 
produce an intimate mixing of nickel, fatiy oil, and hydrogen. 

(2) The injection or circulation process (Testrup,?1 Wilbuschewitsch22), in which 
the mixture of oil and catalyst is withdrawn from the lower part of the reaction chamber 
and injected as a fine spray into the gas space at the top of the chamber by means of a 
circulatory pump. 


19 German Pat. 141,029 (1902). Brit. Pat. 1,515 (1903). 


207, P. Hilditsch, Industrial Fats and Waxes. 2nd ed., Bailliére, Tindall & Cox 
London, 1931, pp. 245, 247. 


21 Brit. Pat. 7,726 (1910). 
22U. S. Pat. 1,024,758. 
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(3) The continuous process (Bolton and Lush), in which a special stationary cata- 
lyst is employed and the oil passes downward over it and meets an upward current of 
hydrogen. 

As to the mechanism of catalysis, the modern view is that the hydrogen 
does not first attach itself to the oil, but that unstable complexes are formed on 
the surface of the catalyst. There, according to Armstrong and Hilditch,??* 
a hydrogen-nickel complex is formed with the unsaturated fatty acids and 
from this step the stable end product, the saturated linkage in the oil, is 
formed. It is because the effect is on the surface that it is so sensitive to the 
poisoning effects of very small quantities of impurities. The inactivation of 
the catalyst can be brought about in several ways. Long storage may result 
in reduced effectiveness by oxidation or absorption of moisture. In the hy- 
drogenation itself the catalyst may become poisoned by impurities in the 
hydrogen or the oil. Carbon monoxide, halogens, and sulfur compounds are 
typical catalyst poisons which may be found in the hydrogen. It has been 
stated that the injurious effect of carbon monoxide is reduced by working at 
high temperatures. In circulatory hydrogenation systems, carbon monoxide 
may accumulate as the hydrogen is consumed. In this connection, Normann 
reported on the formation of nickel carbonyl. The bad effects of organic im- 
purities in the oils have been mentioned repeatedly in the literature. The im-— 
purities concerned are traces of alkali and sulfur and nitrogen derivatives, 
mucilaginous and albuminoid compounds, and resins. Refining for hardening 
includes a treatment with activated bleaching earths, which both bleach and 
take up mucilaginous matter (see above). 

The catalysts used in the two-batch hydrogenation processes are mainly 
built on nickel, usually by controlled reduction of nickel oxides, carbonate, or 
formate. Usually the catalyst is mounted on a suitable support to increase its 
surface and to enhance its even distribution during the process. Various 
materials have been suggested as supports for the nickel catalyst, including 
powdered pumice, powdered asbestos, powdered porous firebrick, kieselguhr, 
china clay, dried silica gels, and numerous varieties of charcoal. The most 
commonly employed support is undoubtedly kieselguhr. 


(1) The Bamag Process 


In the Bamag hydrogenation process—built on the agitation principle— 
only 0.05-0.1% nickel calculated on the weight of oil is necessary. The 
nickel formate, as used by Bamag, undergoes a thermal decomposition at 
temperatures of 170-240°C. and a complete reaction is achieved by main- 

224 &. F. Armstrong and T. P. Hilditch, Proc. Roy. Soc. London, A98, 27-40 (1920). 


For a detailed description of hydrogenation theory see A. E. Bailey, Industrial Oil and 
Fat Products, 2nd ed., Interscience, New York, 1951, pp. 675-678. 
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taining the maximum temperature in the reduction vessel at 240°C. for ap- 
proximately one hour. The decomposition equation is: 


Ni(OOCH).- 2H20 = Ni 4 2CO.+ TL + 2H:0 


As seen from the above, the reduction does not depend upon the hydrogen 
action as in the case of the “dry” method. In contrast to this method, where 
the catalyst is reduced without oil, the catalyst in the “wet” method is reduced 
within part of the oil to be hardened. Although nickel formate is trans- 
formed into nickel without hydrogen, it may still be of advantage to pass a 
small amount through the reaction mixture during the transformation. 

The oil is heated to an appropriate hardening temperature, the specially 
prepared catalyst is added, and hydrogen is then passed through the harden- 
ing autoclave. In practice, a number of important conditions influence the 
success of the operation, such as purity of the oil, purity of the hydrogen, hu- 
midity of the gas, degree of efficiency and quantity of catalyst used, intensity 
of agitation, etc. ‘Since the hydrogenation is an exothermic reaction, the 
initial heating is carefully controlled and usually a temperature of 130 to 
160°C. is sufficient for the initiation of the conversion. The regulation of the 
temperatures has been given special attention in this process, since overheat- 
ing during the operation would seriously affect the color of the oil and in- 
crease the FFA content. The best results from the standpoints of color, rate 
of hardening, and gas consumption are obtained when the temperature is be- 
tween the limits of 175 and 195°C., although a temperature of 220°C. may 
be used when certain marine, animal, and fish oils are being processed; this 
is done to increase the rate of hardening without unduly affecting the color. 
Correct control of velocity of reaction temperature and pressure is, however, 
necessary to produce partially hydrogenated products of the correct con- 
sistency. Preferential hydrogenation of the less saturated esters to olein and 
avoidance of the formation of stearin and another completely saturated esters 
and of hard isoolein are dependent upon the above conditions and are easily 
achieved. However, when hardening marine, animal, and fish oils to a low 
iodine number the principle of selectivity must be sacrificed to obtain a satis- 
factory rate of hydrogenation by using higher temperatures and pressures. 
During the operation, the rate of gas absorption decreases as the oil becomes 
more saturated. Samples are drawn and the progress of the hardening deter- 
mined by means of refractive index, melting point, and/or iodine value (see 
Ch. XXXVIIT). After the desired melting point has been reached, hydrogen 
flow is shut off and the temperature is reduced appropriately by means of 
cooling coils or an outside heat exchanger. By utilizing the heat of reaction 
through a suitable heat exchanger, saving of approximately 10-12 Ibs. of 
fuel per ton of hard fat can be obtained. The hydrogen is purified of CO, in 
a battery of scrubbers. The separated catalyst, with the addition of a small 
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quantity of new catalyst, is used again in subsequent batches of oil until it is 
no longer sufficiently active to harden a batch in the normal hardening period. 
Selectivity is not a prime problem in hardening oils for soap use, and hence 
the reuse of the catalyst is practiced extensively, particularly from edible to 
inedible use. Usually it is returned for nickel recovery after six or seven 
passes. 


(2) Injection or Circulation Process 


The oil to be hardened is mixed with the nickel catalyst and sprayed 
into a convertor, where the hydrogenation operation is carried out at tem- 
peratures of 177-218°C.*" Here hydrogen is blown into the charge through 
a spray nozzle. The catalyst and the oil are then circulated back into the con- 
vertor by withdrawing them from the bottom. The gas pressure is built up 
to about 40-60 p.s.i. With new catalyst-refined oil, the gas is absorbed 
rapidly and the hardening may be completed in 30 to 45 minutes. In large in- 
stallations five to eight hours are usually allowed for one complete cycle, 
three to five batches being run per day. For complete hardening of unre- 
fined or partially refined fats and oils in large batches, twelve hours are usu- 
ally allowed for one cycle, two charges being run per day. Since the reaction 
is exothermic, it may be necessary to cool the oil during hardening if the tem- 
perature rises above the desired limit. This cooling may be accomplished by 
a cold water coil inside of the convertor, or by circulating the charge through 
an external heat exchanger and returning it to the convertor through the spray 
nozzles (Fig. XIV-1). The charge temperature is controlled in this manner. 
The convertor may be vented and vacuum-pulled once or twice during a run 
if necessary to remove moisture and inert gases accumulating from the use 
of impure hydrogen. The time necessary to complete the hardening varies 
from 20 minutes to 8 hours and depends upon the following factors: (1) ac- 
tivity and amount of catalyst; (2) purity of the hydrogen; (3) character of 
oil or fat, whether crude, refined, or semirefined; (4) type of oil or fat, 
whether cotton oil, fish oil, etc.; (5) hardness desired; (6) temperature and 
pressure used; (7) thoroughness of the mixing; and (8) size of the charge. 

The degree of hardening is determined from the refractive index, which 
may be related to iodine value or to titer. 

The number of times a catalyst may be reused depends on the oil, its de- 
gree of unsaturation, and mainly on the pretreatment. The purity of the 
hydrogen is also of major importance. The recovery of the catalyst is a sep- 
arate type of operation and will not be discussed here except to say that the 
fat is removed by solvent extraction or by burning off in a furnace, converted 


to the carbonate, and used from that point or converted to the formate with 


230. H. Wurster and G. Stockman, Processing Oils and Fats, 3rd ed., pp. 23-24, 
26-28. Published by Wurster & Sanger Inc., Chicago. 
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formic acid. Copper is frequently added to lower the reduction temperature 
of the catalyst. 


(3) The Continuous Process 


In the continuous Bolton-Lush process, owned by Technical Research 
Works Ltd., the oil to be hardened is made to flow continuously over a suit- 
able catalyst, which is in such a form as not to be carried away with the oil. 
The reaction chamber is formed by a series of, say, eight vertical autoclave 
tubes in which the oil reacts with hydrogen under pressure. The catalyst is 
prepared by anodic surface oxidation of nickel shavings or thin perforated 
nickel plates in a 1% aqueous solution of sodium carbonate. The nickel 
oxide thus formed is then reduced in the reaction tubes by hydrogen at about 
300°C. After cooling to the required temperature, the preheated oil (180- 
200°C.) is made to “drip”over or to “overflow” the catalyst, in which case 
the catalyst chamber is filled at all times. The hydrogenation temperature is 
about 200-260°C. and the pressure is about 60 p.s.i. The hydrogen is made 
to circulate. The catalyst is so supported that it can be lifted out en masse. 
Exhausted catalyst is extracted with solvents and regenerated by oxidation 
and subsequent reduction. Advantages claimed for this process are: cheaper 
plant and operating costs; longer catalyst life and recovery in toto provided 
water is excluded; no hydrolytic fission of the oil, so that subsequent deacidi- 
fication is unnecessary; the hardened oil contains only 1 p.p.m. of nickel; and 
only the minimum number of operatives are required and continuous control 
is possible. 


(4) The Hydrogen Supply 


Generally, the use of commercial hydrogen is economical for hydrogena- 
tion. Large soap manufacturers produce their own hydrogen, by electrolysis, 
by the steam-iron process, or by propane decomposition. 

Three molecules of hydrogen are required to convert one molecule of olein 
into stearin. Expressed in terms of weight, 0.68% of hydrogen is necessary 
for such a conversion. The weight of 1,000 cubic feet of H, at 760 mm. 
pressure and at O°C. (32°F.) is 5.6 lbs. and at 20°C, (68°F.), 5.23 Ibs. 
Therefore, 1 lb. of oil aborbs 0.015 cubic feet or H. per 1 unit reduction in 
iodine value; or 30 cubic feet of H. per 2,000 lbs. of oil. With a high quality 
of electrolytic hydrogen, the actual gas consumption is usually 105-110% of 
the theoretical, and with less pure hydrogen it is up to 120%. 

The hydrogen is usually obtained by the steam—iron process, or by the 
electrolytic decomposition of water. In some localities hydrogen can be pur- 
chased in cylinders at a cost permitting its use for hydrogenation. The use 
of cracked ammonia and hydrocarbons** has been developed and been found 
practical under some conditions. 


24 The Girdler Hydrocarbon Steam Process, Girdler Corporation, Louisville 1, Ken- 
tucky. 
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Commercial hydrogen contains impurities which may be divided into 
three groups, in accordance with their behavior during hydrogenation: 


(1) Gases which have no effect on the catalyst or the oil. Their effect is merely to 
dilute the hydrogen. Typical example: nitrogen. 

(2) Gases which, under the influence of the catalyst, undergo chemical reactions and 
thereby use some of the catalyst for such reactions. Typical examples: carbon monoxide, 
hydrogen sulfide. 

(3) Gases or vapors which can react chemically with the oil, Typical example: 
steam. 


Gas made by the electrolytic processes will contain only oxygen and ni- 
trogen as impurities and will run from 99.5 to 99.8% hydrogen. An analysis 
of such a gas is as follows: 


Hydrogen - 99,75 %o 
Nitrogen 0.20 
Oxygen 0.05 


Gas made by the steam—iron process will contain carbon dioxide, carbon 
monoxide, and nitrogen as impurities, and should contain 98 to 99.5% hy- 
drogen and not over 0.1% carbon monoxide. There must be no sulfur diox- 
ide, hydrogen sulfide, or carbon disulfide in the gas. Sulfur compounds and 
carbon monoxide act as catalyst poisons. Inert gases such as carbon dioxide 
and nitrogen act as diluents and decrease the reaction velocity. An analysis 
of hydrogen made by the steam-iron process is as follows: 


Hydrogen 99.1% 
Carbon dioxide 0.2 
Carbon monoxide 0.1 
Nitrogen 0.6 


Table XIV-1 from a Bamag publication gives the approximate consump- 
tion of hydrogen for different oils, allowing a hydrogen loss of 10%. Table 
XIV-2 gives the approximate melting points of oils hydrogenated to a max- 
imum point of saturation.”*® 


(5) Special Factors in Fat Hardening 


Two factors are important for the hydrogenation process: 

(a) The selective nature of hydrogenation by which, for instance, linolein 
in a mixture with olein is first transferred into olein before any of the olein 
originally present is transformed into stearin. This means that any oil (e.g., 
cottonseed, linseed, soybean, whale oil) is hydrogenated so that all glycer- 
ides less saturated than olein (or monoethylenic glycerides) are transformed 
to the latter before any material increase in the glycericdes of the saturated 
fatty acids occurs. This factor is never achieved in practice, of course, but 


25'T. P. Hilditch, Industrial Fats and Waxes, 3rd ed., Bailliere, Tindall & Cox, 
London, 1949, p. 280. 
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TABLE XIV-1 
CoNnsuMPTION oF HYDROGEN 


Approx. H, con- 


Oil Approx. sumption in cu. ft./ 

m.p., °C, ton, allowing 

loss of 10% 
@oconti tees... Se ee 30-32 270 
Jed bray | eeinsVell Geert oe a 30-32 380 
38-40 560 
Groundmenutee. eee wee ee 30-32 750 
34-36 950 
40-42 1100 
44-46 1500 
Soybean 40-42 2450 
Sunflower . 40-42 2200 
(Cottonsecd te ee ee 30-32 950 
32-34 7 1150 
34-36 1450 
40-42 2000 
Wiktales came ccs teas... cat ar ced gee Dee 40-42 2800 
46-48 3350 
(GET aye eas i 83-85 2950 


“These figures are naturally only to be considered as indicative, since the actual 
consumption of hydrogen depends on the iodine value of the original oil, which varies 
within certain limits and operational conditions. 


is controlled to some slight extent by conditions of hydrogenation. It is not 
an important factor in preparing oils for soap use. 

On the other hand, over the range of products in ordinary technical use, 
and for the oils mainly employed in hydrogenation (i.e., whale, fish, linseed, 
soybean, cottonseed, etc.) the consistency and melting point of the hardened 


fats may be correlated approximately with their degree of unsaturation 
(Table XIV-3). 


(6) The second factor is that during hydrogenation the unsaturated oleic 
acid may undergo changes such as isomerization without being hydrogenized. 


TABLE XIV-2 


Completely hydrogenated Mp., °C. 


Coconut oil 


Palm kernel oil - 

Herring oil. cod oil 52555 
Whale oil .. 04-96 
(Palinoilieene 56-58 
Cottonseed oil 62-63 


Olive oil, groundnut cil 
Soybean oil, linseed oil 
RE STRIUONL specccecre ese ase ere tseceecane 
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Oleic acid may form isooleic acid, which has a melting point of 45°C., in 
contrast to normal oleic acid with m.p. 19°C. This of course affects the 
melting point of the glycerides as well. It is beyond the scope of this book 
to go further into this matter.2* However, as for selection, this point has no 


TABLE XIV-3 
Todine value of Cone 
hardened oils CORSE 
80-90 Fae ae OEM UiC se thine pastes 
65-80 Soit pastes, m.p. 30-35°C. 
50-65 Soft tallows, m.p. 35-45°C, 
S5550 Hard tallows, m.p. 45-52°C. 
20-35 Very hard tallows, m.p. 52-55°C. 


great significance to the soapmaker unless the oil is hydrogenated under un- 
usually unfavorable circumstances, 


26 See: T. P. Hilditch, Industrial Fats and Waxes, 3rd ed., Bailliere, Tindall & Cox, 
London, 1949, pp. 262-288. A. E. Bailey, Industrial Oil and Fat Products, 2nd ed., Inter- 
science, New York, 1951, p. 795 fi. H.K. Dean, l’tilization of Fats, Chemical Pub. Co., 
Brooklyn, N. Y., 1938, pp. 121-133. 


CHAPTER XV 


FATTY ACIDS AND THEIR MANUFACTURE 


More and more fatty acids are finding their way into the soap pan, re- 
placing neutral fats and oils to a large extent. The war, especially, has 
speeded up this trend since glycerine became a priority product. Recovery 
of glycerine by splitting of fats and oils is technically of advantage for the 
soapmaker. It is more effective than the recovery of glycerine from spent 
lyes. Besides, fatty acids are easily saponified, even with sodium carbonate, 
and are especially suited for fast and continuous soapmaking processes. The 
process of saponification of fatty acids is strongly exothermic and it is thus 
possible to economize on steam consumption. 

As already explained, the splitting of fats is a hydrolytic process at which 
fatty acids and glycerine are formed by the action of water. The over-all re- 
action in fat hydrolysis or fat splitting is as follows: 


H H 
H—C —OOCR, H-C_OH  HoOCR, 
H 4 —OOCR, + 3H.0 > H—C- -OH + HOOCR, 
7 eae a HOOCR, 

H H 
Triglyceride Glycerine Se 


Naturally, the sum of fatty acids and glycerine is greater than 100% of the 

fat (i.e., 106%) if a neutral fat is completely split. 100 parts neutral fat 

(with fatty acids of a molecular weight of about 280) give 95 parts fatty 

acid and 11 parts glycerine. Fats composed of fatty acids of lower molecu- 

lar weight, e.g., coconut oil, give a higher yield of glycerine. Of course, if 
243 
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the fat to be split has an acid value, the result will be somewhat less than 
106%, since less glycerine will be formed. 

The splitting process proceeds in stages, with the fatty acid radicals being 
displaced from the triglyceride molecule one at a time, so that an incom- 
pletely split fat contains both mono- and diglycerides, as well as triglycerides. 
The amount of mono- and diglycerides is dependent on the method and con- 
dition of the splitting process. 


(1) The Fat-Splitting Processes 


The splitting process may be carried out with or without the aid of cata- 
lysts in autoclaves or with the aid of catalysts in open kettles. The first proc- 
ess may be a continuous one, and such a continuous pressure-splitting process 
is especially suited for the production of fatty acids on a large scale. 


(A) SPLITTING WITHOUT PRESSURE 


There are three methods of fat splitting in open kettles: (@) the enzymic 
fat-splitting process; (b) the sulfuric acid-splitting process; and (c) the 
modified sulfuric acid-splitting process with catalysts. 

(a) The enzymic process was introduced by Cunnskin, Hoyer, and Wa- 
terberg via German patents 145,413 and 188,429 at the beginning of the 
twentieth century in the course of their research, when they found that oil 
seeds, especially castor beans, showed a fat-splitting effect in the presence of 
water. On this basis the process of enzymic splitting was developed. The 
enzyme preparation is usually obtained from castor beans. The beans are 
ground with water, and the ground mass is centrifuged to remove solid ma- 
terial. The resulting material, consisting of water, oil, protein, etc., is then 
fermented at room temperature for 48 hours, after which it is ready for use. 
The composition of such an emulsion containing the fat-splitting enzyme 
lipase may have the following composition: 38% castor oil fatty acids, 4% 
proteinic substance, and the remainder water. 

As the splitting temperature has an optimum at 35°C., the process is 
mainly suited for the splitting of liquid oils. The fatty acids obtained have a 
light color, which is one of the main advantages of this process. Schlenker?’ 
describes this process as follows. Splitting is carried out in open, conical- 
bottomed, lead-lined tanks. The fat is mixed with 30-40% of its weight of 
water, and about 6% of the ferment. To bring the pH of the system to a 
value of about 5, sufficient acetic or other acid is added, and also manganese 
sulfate solution equivalent to 0.15-0.20% of the dry salt on the basis of the 
fat. A temperature of 35°C. is considered optimum, although reasonably 


27. Schlenker in G. Ilefter and H. Schénfeld, Chemie und Technologie der Fette 
und Fettprodukte. 2nd ed., Vol. II, Springer. Berlin, 1937, 
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rapid splitting is obtained at temperatures of as low as 15°C. or as high as 
40°C. As already mentioned, a higher temperature destroys or at least ham- 
pers the activity of the ferment. The mass in the tank is agitated to form an 
emulsion, and is then held at the proper temperature for about 24 to 48 hours, 
with occasional stirring. As in other fat-splitting processes, hydrolysis takes 
place rapidly at first, and then more slowly, eventually reaching a point of 
equilibrium. About 90% splitting is said to be practicable. 

After splitting has taken place, the emulsion is broken by heat (80-85°C.) 
and the addition of a little sulfuric acid (0.3-0.5%, 50° Bé), after which the 
fatty acids may be drawn off and washed in the usual manner. 

The advantages of this process are low temperature, an inexpensive plant, 
and light-colored fatty acids. Unfortunately after splitting is completed and 
sulfuric acid is added, there are usually three layers in the splitting vessel: 
fatty acids on the surface, an emulsion as the middle layer, and glycerine— 
water at the low level. It is important to keep the amount of middle layer 
as small as possible; it consists of an emulsion of the ferment, fatty acids, and 
glycerine-water. The emulsion is pumped into a separate vessel where it re- 
mains for several days at elevated temperature (about 70°C.). Some glyc- 
erine—water is recovered after this time. The fatty acids from the middle 
layer are recovered by saponification as a soap. 

(b) The sulfuric acid splitting-process, without the addition of a catalyst, 
is seldom used, but as it is of considerable historic interest a brief description 
will be given here. The fats to be split with sulfuric acid are first pretreated 
by boiling with water. The fat is then removed from the water, and is dried 
by treating above 120°. At about 110-120°, 4-5% of the fat as sulfuric 
acid 66 Be is added slowly with constant stirring. The process is finished 
after 20-30 minutes. The fat mixture becomes discolored and even turns 
black. During this process sulfur dioxide is formed which must be removed 
through a tube system. By the action of sulfuric acid in the fat a certain 
amount of fatty sulfonates are formed which act as emulsifier in the second 
stage of this process: namely, boiling the mixture with water and direct steam 
for 6-7 hours. After this the steam is shut off and the mass is allowed to 
settle. The dark fatty acids are drawn off from the lower layer of acid— 
glycerine—water. The plant equipment must be lead-clad to prevent corrosion. 

(c) This process was later modified by the addition of a suitable cata- 
lyst. These catalysts, certain sulfonates, are taking the place of the sulfonates 
formed during the treatment of fats with concentrated sulfuric acid in situ. 
Therefore, after adding the catalyst and sulfuric acid, the process is in a sense 
only the second stage of the sulfuric acid process is described, and of course 
the fatty acids obtained are much lighter in color. 

The first process of this kind, that of [witchell, is still widely used in 
the United States [U. S. Pat. 601,603 (1898)]. The original Twitchell 
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reagent was a reaction product of a fatty acid, naphthalene, and/or benzene 
with concentrated sulfuric acid. In the case of naphthalene, the approximate 
formula of the sulfonate was (R) -Ci.H,: (SO.: OH), where R is the fatty 
acid radical. Today, the reagents used for this Kontakt or fat-splitting proc- 
ess are by-products of the petroleum-refining industry: naphthenic or ma- 
hogany soaps which are sulfonates of complex structure. The Petroff con- 
tact reagent is a by-product in the refining of petroleum oils with fuming 
sulfuric acid; it is said to consist of the sulfonic acids of hydrocarbons, but 
probably not of the paraffin series. The Pfeilring reagent is prepared by 
sulfonation of castor oil and naphthalene. The /drapid saponifier is prob- 
ably octahydroanthracene sulfonic acid, and Nekal BX is reported to be 1-iso- 
propylnaphthalene 2-sulfonic acid. The effect of these reagents is due to 
their action as emulsifiers which lower the interfacial tension between the fat 
and aqueous phases, thereby producing a large oil—water interface at which 
the hydrolysis may occur besides the hydrolysis which occurs when small 
amounts of water are actually dissolved in the fat. In this Twitchell, or 
“Kontakt,” splitting process the oil or fat is given a preliminary wash with 
sulfuric acid and is then hydrolyzed by boiling with sulfuric acid and the 
special catalyst.2* Of course, the reaction is a reversible one and conse- 
quently a compromise has to be made between the completeness of hydrolysis 
at the end of the reaction and the final concentration of glycerol in the sweet- 
water, because as the former increases the latter must be decreased. The 
usual procedure is to arrange the conditions so that the free fatty acid con- 
tent of the oil is about 85% after boiling for 12 hours and the glycerol con- 
tent of the sweetwater is approximately 12.5%. This sweetwater is then run 
to treatment and the 85% free fatty acid oil is further hydrolyzed to about 
95% free fatty acid by a second boil with fresh water. The efficiency of 
glycerol recovery is improved by using the sweetwater from the second boil 
for the first boil of the succeeding split. 

Thus we see that the process is usually carried out in three stages: (1) 
pretreatment; (2) first boil; and (3) second boil. 

Pretreatment is usually of advantage, since any mucilaginous protein 
substance has a poisoning effect on the catalyst. It may be carried out as 
follows. Ejither the fat is boiled with diluted sulfuric acid or 0.50-2.5% 
sulfuric acid (60° Bé) is stirred into the heated fat (50-60°C.). The heating 
and stirring may be carried out with open steam, the steam condensate acting 


as a diluent for the acid. After 30-60 minutes of stirring, the fat is left 
standing overnight. In some cases, e.g., linseed oil, the oil is pretreated with 


2-3% sulfuric acid of about 77% without application of heat, and afterward 
it is separated from the dark sludge that settles on the bottom of the vessel.”° 
(See Table XV-1.) 


28 J. L. Boyle, Manuf. Chem., 14, 89-90 (1943). 
29 R, Rosenbusch, Paint Tech., 10, 281 (1945). 
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After pretreatment, the splitting proper starts. The amount of catalyst 
depends on its activity. There are special catalysts of which only 0.75-2% 
is sufficient to be effective, but some catalysts, e.g., the mahogany soaps, have 
to be added in amounts of 1-5% of the fat. The catalyst is dissolved either 
before the sulfuric acid and water are added or vice versa, depending on the 
catalysts used. The amount of 60° Bé sulfuric acid is in most cases the same 
as the amount of reagent added. Water is added to the extent of 40% of the 
fat. (The water should be rather soft, since calcium and magnesium salts 
tend to break the emulsion.) After water and acid have been added to the 
fat, steam is introduced through a coil, and when the mixture is boiling the 
splitting reagent is added. The steam heats up the oil to about 100°C., keeps 
it at this temperature, and also agitates it. After having passed through the 
mixture, the steam provides a cover on top of the oily layer, protecting the 
hot fatty acids from oxygen of the air—a very important matter, especially 


TABLE XV-1 


PRETREATMENT OF DIFFERENT OILS AND Fats 


: Temp. he- Addn. of Treatment a Bae. 

Oil or fat eons 60 Be % time, hr. Capper): 
TEASER) GPE Gemmacrnecierteicmatnemtnamsonesscaronos 20 15-25 1 15 
Groundnut or sesame oil ....... 30 RAILS 1 15 
Coconut or palm kernel oil 50 ls 1 15 
Cottonseed oil 50 Peas) il 20 
Grease, etc. - 50 T= Ts 1 10 
Tallow wee 50 0.5-1.5 Li 10 


in the case of linseed fatty acids. A cover over tanks is lielpful for this pur- 
pose, particularly if a little pressure can be built up. 

- During settling, when no steam passes through the vat, shadow steam is 
introduced through a branch line and blows over the surface of the oily layer. 
This is of advantage not only when easily oxidized oils such as linseed oil are 
to be split, but also in case of other oils and tallow. If the splitting is done 
in two stages, the first splitting is usually interrupted when the free fatty 
acids content has gone up to about 80-85%, and this is achieved (provided 
that the oil had been satisfactorily pretreated) within 10-20 hours, accord- 
ing to the amount of water, reagent, and sulfuric acid used. Now, after 
settling, the sweetwater is drawn off and a new lot of water (ca. 20%) is 
added; however, additional splitting reagent and sulfuric acid are needed 
only in exceptional cases because what has already been dissolved in the oily 
layer usually suffices for the second split. Steam is now again passed through 
the mixture, and after another 8-15 hours a split of at least 95% is achieved. 
After the first boil the proportion of fatty material to aqueous glycerine solu- 
tions should be about 100 : 65. 
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The following layout for a three-stage splitting plant gives an idea of the 
required apparatus (Fig. XV-1). 

A melting out trough provides for an easy handling of solid fats which are 
running into a special setiling tank to permit the settling out of any sludge, 
etc. If necessary, the fat stock then undergoes an acid wash in a special wash 
tank situated above the two saponification tanks. In the first saponification 


MELTING OFT TROVE 


Pete D 


Fig. XV-1. Twitchell fat splitting plant (courtesy Wurster & Sanger, Inc.). 


tank splitting is carried out to about 80-85% free fatty acids. In the second 
saponification tank splitting is brought as near to completion as possible. 
Two sweetwater tanks provide for the separate reception of the more con- 
centrated sweetwater from the first saponification tank and the less concen- 
trated sweetwater from the second saponification tank. In a separate fatty 
acid washing tank the fatty acids are washed free from the last traces of 
mineral acids. 

Sometimes a four-stage operation is employed. In this case, three actual 
splitting operations are made besides one pretreatment stage. The first boil 
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is interrupted after 60% splitting is reached, the second after an additional 
20-25%; and a last third boil for another 10-13% splitting. In this, up to 
98% splitting may be reached. The advantage of the Twitchell process is its 
simplicity; its disadvantages are the rather dark fatty acids and high steam 
consumption. 


(B) SPLITTING UNDER PressuRE (BaTcH PRoOcEss) 


(a) Introduction. The autoclave fat-splitting process is actually the 
oldest such process, the first patent being granted in 1854 to Milly. After the 
introduction of the Twitchell process the pressure-splitting process suffered 
a decline. This is understandable as no construction material resistant to 
the corrosive action of fatty acids at high temperature in the presence of wa- 
ter was available at a reasonable price. Now that this problem has largely 
been solved by the introduction of stainless steel, the autoclave process has 
experienced a revival. Fatty acids produced by the autoclave process are 
light colored and in most cases need not be distilled. It is possible to split 
fat in an autoclave without the aid of a catalyst at temperatures of 200— 
220°C. and at pressures around 400 p.s.i. We will see that when splitting fat 
in a continuous process this method without a catalyst at even higher tem- 
perature and much higher pressure has become of great importance. In the 
common autoclave process, catalysts are used to speed up splitting even at 
lower temperature and pressure.*° The catalysts used are of an alkaline char- 
acter, preferably lime, zinc oxide, or magnesia; zinc oxide is frequently 
mixed with zinc dust for this purpose in order to improve the color of the 
fatty acids. The amount of catalyst used varies from 0.5 to 3%. Water is 
employed in amounts of 40-50% of the oil. With the above-mentioned quan- 
tities of catalyst the splitting can be carried out at temperatures of 170- 
185°C., corresponding to pressures of 110-170 p.s.i. Under these conditions, 
after 6-8 hours, 85-90% of the fat is split. If a higher split is wanted it is 
of no practical use to carry on. The hydrolysis of any oil into fatty acids and 
glycerol is gradually slowed down with the increasing glycerol content of the 
water because the hydrolysis of the fat is a reversible reaction. There- 
fore, according to the law of mass action, the hydrolysis of the fat will 
be slowed down the more glycerol is formed, until the two opposing reactions 
balance each other. Thus, when the glycerol content of the water has reached 
a certain amount, say 20%, the first split is broken off at the above-mentioned 
stage, and the sweetwater—containing the glycerol—is removed under the 
pressure of the autoclave. Then the whole process is repeated with a fresh 
amount of water, which by suitable device can be added while the autoclave 


/ 
/ 


is still under pressure. After another 2-3 hours a split of nearly 98% is 
achieved. 


30 R. Rosenbusch, Paint Tech., 10, 281-282 (1945). 
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(b) Effect of Different Catalysts and Other Factors. The effects of dif- 
ferent catalysts was discussed in an extensive research paper published by 
Lascaray.** A small laboratory autoclave was used which was tipped me- 
chanically every other second. The mixture of fat, water, and catalysts was 
drawn in by suction to the previously evacuated autoclave. The temperature 
was brought to 185°C. with the apparatus at rest during the course of half 
an hour. Beef tallow with an acid number of 14, corresponding to a free 
fatty acid content of 6.8%, was used. Most of the experiments were carried 
out wtih 0.5% caustic soda which was completely neutralized by the free fatty 
acids present. The soap formed combined with excess fatty acids to give acid 
soap, which remained in the fat phase for the most part. 

In one series, the temperature was varied from 150 to 220°C. using 60% 
of water and 0.5% of caustic soda with the fat. The temperatures employed 
in these tests corresponded to gage pressures of steam as follows: 140°C., 38 
pounds; 170°C., 100 pounds; 185°C., 148 pounds; 200°C., 210 pounds; 
220°C., 322 pounds. The speed of reaction was increased by an increase in 
temperature, but the final degree of fat splitting was the same for the upper 
temperatures, 90-91%. At 220°, this equilibrium condition was reached in 
3 hours, at 200° in 5 hours, and at 145° in 8 hours. 

In a second series of experiments the percentage of water was varied 
from 20 to 200%, using 0.5% of caustic soda at 185°C. The speed of the re- 
action is not influenced by increasing amounts of water, but the final equilib- 
rium is as follows. At the end of 8 hours, 60% of water gave 90% of fat 
splitting, 100% of water gave 94%, and 200% of water gave 95%. A higher 
degree of splitting can therefore be brought by an increase in the proportion 
of water present. The amount of catalyst was varied from 0.25 to 1% of 
caustic soda. Increase in the amount of catalyst caused an increase in the 
speed of reaction, although the final state of equilibrium was about the same, 
the fat being 90.5% split at the end of 8 hours with 0.5% caustic soda and 
92.5 with 1% caustic soda. However, the 1% caustic gave about the same 
degree of splitting at the end of 5 hours as after 8 hours’ autoclaving with 
0.5%. 

The effect of using a number of different alkaline catalysts with 60% 
water and at a temperature of 185 was studied. Caustic soda, zinc oxide, 
calcium oxide, magnesium oxide, caustic potash, lithium hydroxide, and am- 
monia were used in equivalent amounts based on 0.5% of caustic soda. The 
speed of the reaction was greatly affected by the nature of the catalyst, al- 
though the final equilibrium of 90-91% of split fat was reached at the end 
of 8 hours, except with the use of ammonia and of water alone, when the 
values were only about 86%. Zinc oxide was by far the most active splitting 


21 Fette und Seifen, 46, 628-632 (1939), through Soap, 16, 59-60 (Jan. 1940). 
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agent, giving nearly the same amount of splitting in 3 hours as in 8 hours. 
Next came magnesium oxide, then calcium oxide, lithium hydroxide, caustic 
soda, and caustic potash. Ammonia was not much more effective than water 
alone. About 2-4% of catalyst is used, based on the weight of the fat, and 
often a fraction of 1% of zinc dust is also added. The zine does not act as a 
catalyst, but, through its reducing action or otherwise, it improves the color 
of the fatty acids. 

In another series, zinc oxide was combined with caustic soda in propor- 
tions of 75 : 25, 50:50, and 25:75, the total corresponding to 0.5% of 
catalyst. The combinations did not speed up the reaction as much as did 
zinc oxide alone, but were more effective than would be indicated by the 
proportionate amounts in the mixtures. The more active catalyst had a 
greater influence than the less active. For example, the 75 : 25 mixture was 
nearly as efficient as zinc oxide alone, while the 50 : 50 mixture was better 
than halfway between zinc oxide and caustic soda. 

It has been assumed that catalytic fat splitting is a heterogeneous process 
taking place at the surface of contact beween fat and water phases. If this 
were the case, one would expect that reaction would be greatest during the 
period of greatest emulsification, as the surface of contact is then at a maxi- 
mum. Under the conditions described above, emulsification is the greatest 
at the beginning of the reaction when the speed of reaction is relatively slow. 
As more fatty acids are separated, emulsification becomes less. This was 
confirmed by actual tests in which fat containing 20% of free fatty acids 
could be emulsified at 100°C. with water containing 0.5% of caustic soda 
based on the amount of fat used. With 40% of free fatty acids, mixing was 
incomplete. With 60% of free fatty acids no emulsion was formed, but fat 
and water remained completely separated. The speed of reaction is not great- 
est during maximum emulsification, so that a homogeneous reaction must oc- 
cur either in the water or in the fat phase, or possibly in both. Experiments 
described showed that the speed of reaction is independent of the amount of 
water used. If the reaction occurred in the water phase it would speed up 
when a greater proportion of water was present. Therefore, the solubility of 
water in fats and fatty acids appears to be the significant factor. 

Commercial fats always contain measurable amounts of water in true 
solution, not in emulsion form, as shown by the complete clarity of the melted 
fat. The splitting reaction therefore probably occurs in the fat phase. The 
acid soaps formed with the alkaline catalyst are soluble in fatty acids. An 
explanation of the activity of the catalyst lies in its ability to increase the 
solubility of water in the fat. Direct measurement of the solubility of water 
in anhydrous fat at 100°C. showed that the water was very much more soluble 
in fat in the presence of zinc oxide than in its absence. 

The period of rapid fat splitting is therefore believed to correspond to the 
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period of maximum solubility of water in the fat phase. As the reaction ap- 
proaches equilibrium, the glycerine formed decreases this solubility and the 
reaction slows down. This new explanation seems to agree with all of the 
observed facts. After the splitting in the autoclave is finished, the contents 
of the autoclave, the two layers separately, if desired, are blown over, again 
under its steam pressure, to an open lead-lined tank, and there the upper 
layer containing the fatty acids and their Ca, Zn, or Mg soaps is treated with 
mineral acids in order to decompose these metal soaps. Sulfuric acid is 
added, and by introduction of a vigorous current of steam the whole is 
brought to the boil. After some time the acid water containing the metal sul- 
fates and some more glycerol is allowed to settle down and is drawn off. 
Afterward, the oil layer is washed repeatedly with water and steam as before, 
until it is entirely free from mineral acid. This is especially important where 
the fatty acids are to be distilled later on. In this case the presence of mineral 
acids must be carefully avoided. However, treatment with mineral acid is un- 
necessary when no catalysts were used. This makes the pressure fat-splitting 
process especially suited for continuous operation. But before dealing with 
this most recent development in fat splitting, the common autoclave process 
with addition of a catalyst shall be described with the help of Fig. XV-2. 

(c) Equipment. The fats are emptied into a tank and pumped into the 
the pretreatment and washing tank. Here, in a lead-clad or otherwise acid- 
resistant tank, the fats may be treated by indirect or direct steam. (In Fig. 
XV-2 the tank is not fitted with pipes, but according to our experience we 
would advise steam pipes.) In some cases, simple heating brings the coagu- 
lated mucilaginous substances in a foam to the surface, in other cases, addi- 
tion of sulfuric acid is necessary. In principle the pretreatment is the same 
as described for the pretreatment of fats for the Twitchell process. The pre- 
treated fat is best left to settle overnight. The reagents are prepared in the 
measuring tank. All catalysts must be finely ground and pure (especially 
free from iron). 

Now the fat, water, and the catalyst are introduced into the series of 
autoclaves where the actual splitting is carried out. Either by means of steam 
injection or mechanical stirring the fat—-water—catalyst mixture is strongly 
agitated to accelerate the splitting process. Samples are taken from time to 


time from special valves and analyzed (see Ch. XXXVIII). After the split- 
ting result has been found satisfactory, the mixture is blown under its own 
pressure into the flash chamber. Care must be taken not to blow out at too 
high temperatures and too fast in order to avoid loss of glycerine. In the wa- 
ter tank, soft water is kept ready as “make-up water.” The fatty acids are 
then introduced into the fatty acids and sweetwater tanks, where they are 
washed and are pumped from there into storage, the soap pan, or the distil- 
ling plant. 
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(C) Continuous PRESSURE SPLITTING 


Wurster** in a report on the principles of modern continuous fat splitting, 
wrote: With the introduction of nickel clad and stainless clad steel, there 
came a new development in the batch autoclave process. These new materials 
permitted the construction of stronger and larger autoclaves, and vessels were 
built for charges of 15,000 to 25,000 lbs. and to be operated at pressures up to 
175 p.s.i. A further advance in the autoclave process was made by designing 
them to operate at steam pressures around 400 p.s.i. The fat is then split 
without the use of a catalyst. This eliminates subsequent treatment of both 
the fatty acids and the glycerine sweetwater to remove the catalyst products 
and effects an appreciable saving in operating costs. Inconel clad steel has 
also become available as a superior metal of construction for these autoclaves. 
At the same time that the high pressure autoclave for operation without cata- 
lyst came into use, these new materials of construction made it possible to 
develop continuous processes of fat splitting at high pressure and tempera- 
ture with and without catalyst. 

There are two types of continuous plants in commercial operation, coun- 
tercurrent and parallel flow. In the countercurrent processes the water is fed 
in near the top of a vertical reactor vessel, while the fat is fed in near the 
bottom. The fatty acids then flow countercurrent to the water and out at the 
top, whereas the water and glycerine are removed at the bottom. The op- 
erating conditions are approximately 250°C. and 800 p.s.i. 

In the parallel flow processes the fat and water are mixed, the mixture 
pumped through tubular heaters and discharged to receivers for the subse- 
quent separation of the fatty acids and glycerine sweet water. The tempera- 
tures used are around 315°C. and the pressure 3,500 p.s.i. 

The continuous fat-splitting method of the Eisenlohr process is described 
as an example.*® The fat to be treated is deaerated and then mixed and emul. 
sified with water; the emulsion is pumped at high pressure (3500 p.s.i.) 
through specially designed coils made of Inconel, in which the temperature 
is brought up to about 330°C. and the split is effected without the use of 
catalyst. The pressure is let down through an expansion valve and the fatty 
acids—-sweetwater emulsion is concentrated by passing through a flash cham- 
ber. The water vapor evaporated in this vessel is used to evaporate the 
sweetwater for the production of crude glycerine and the condensate removed 
from the sweetwater evaporator calandrias is returned for reuse in the fat- 
splitting process. After concentration, the emulsion is passcd through a 
cooler and then to a settling tank, where the fatty acids and sweetwater are 
separated. The fatty acids are cleaned and are ready for immediate use. 


32.0, H. Wurster, Chem. Met. Eng., 52, 220 (May 1945). 
33 The Power Gas Corporation, Stockton-on-Tees, England. 
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The sweetwater requires no chemical treatment before passing to the evapo- 
rators for the recovery of glycerine (see Chapter XXXIV), although it is 
sometimes filtered to remove any traces of fatty acid. 

It will be seen that important cost savings are made in this process by 
eliminating treatment of both fatty acids and sweetwater and reducing the 
amount of evaporation required. 


TABLE XV-2 


130-Day Corrosion Test on Storace TANKs Contarninc Mrxep CONCENTRATED 
Farry Acips From FisH Ors 
Temperature 160—260°F. 


Inch 

Material penetration 

per year 

Nickel 0.0029 
Inconel ... 0.0001 
Mild steel .... 0.0066 
Cast iron 0.064 


It must be pointed out that many continuous fat-splitting processes are 
in fact continuous soap manufacturing processes; they are discussed as such 
in the corresponding chapter of this book. The continuous fat-splitting proc- 
ess is economical where the quantity of fat handled is of the order of 50 tons 
a day or so. 


(D) Marertats oF CoNSTRUCTION 


It was pointed out earlier that the material of construction is of major 
importance. Stainless steels or Inconel, a chromium nickel alloy (80% Ni, 
14% Cr, and 6% Fe) are used for the construction of the high pressure fat- 
splitting coils. The high corrosion resistance of Inconel is indicated in 
Table XV-2, which gives the rate of corrosion of fatty acid storage tanks 
constructed of various metals at an average temperature of 200°F. (93°C.). 

Each type of service requires the study of its own particular metal re- 
quirements. Corrosion is just one of many factors involved and requires 
the study of expert engineering advice. 


(E) SpuirTinc oF SoapsTocK 


Soapstock from the oil refining plant is another source of fatty acids. 
The soapstock is split by treatment with dilute sulfuric acid and the fatty 
acids are skimmed off and washed free of acid. Usually the contents of free 
fatty acids in these products are relatively low, from 40-70%, the remainder 
being neutral fat which was absorbed during the refining process. If it is 
desirable to split this neutral fat as well as the fatty acid, the mixture is sub- 
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mitted to one of the fat-splitting processes. On occasion, the soap is made 
from an oil for the sole purpose of obtaining the fatty acids by acidification. 
In this case the free acids contain relatively little unsaponified matter. An 
example of this might be the procurement of small quantities of ricinoleic 
acid from castor oil, etc. 


(2) Fatty Acid Distillation 


The most effective way of purifying fatty acids is to distil them.** The 
early batch distilling process was carried out in direct-fired pots at about 
300°C. in the presence of a current of superheated steam. The distillation 
was carried out as follows: A large amount of crude fatty acids is heated 
with direct fire or with hot water in pressure tubes (Frederking system). 
During the heating process, steam is injected. After some hours the contents 
of this distilling vessel are only partly distilled. Neutral fat, unsaponifiable 
materials, color material, and also a considerable part of the fatty acids them- 
selves were left behind in the pitch. Of course, this pitch has a very low 
market value. Since the crude fatty acids remain for many hours in the 
distilling vessel, it would be expected that the amount of pitch would be 
high. Technical improvements aimed to improve the yield and quality of 
the product were made in three directions. By reducing the pressure in the 
distillation plant, the temperature could be lowered to about 250°C. With 
very high vacuum, not exceeding 6 mm., and the use of carefully measured 
amounts of superheated steam, the temperature may be brought down to 200— 
210°C. This improved the product and yield by lowering decomposition and 
polymerization, especially of unsaturated fatty acids. 

This also permits the use of indirect heating accomplished, for instance, 
by circulating hot liquids such as mineral oil at high pressures up to 2000 
p.s.i., or by vapors of Dowtherm (a eutectic mixture of diphenyl and di- 
phenyl oxide). 

Finally, in order to prevent deterioration of the fatty acids, they should 
be exposed to the distillation temperatures for as short a time as possible. 
This can be accomplished most readily by continuous distillation which has 
not only the advantages inherent to all continuous operations, but yield fatty 
acids of higher quality and less pitch. 

The Wecker system*® is one of the earliest and most successful of the 
continuous distillation processes. It is also a steam refining process to re- 
move free fatty acids from crude oils (Ch. XIII, 2). Crude oi! or crude 
fatty acids, e.g., split soapstock fatty acids, is precleaned by passing 


34 J. Davidsohn and A. Davidsohn, Soap, 15, No. 8, 21-23, 70 (1939). 
35 German Pat. 397,332. Brit. Pat. 213,267 (1923). U.S. Pat. 1,622,126 (1927). 
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through several screens which retain most of the impurities suspended in the 
oil. It is then allowed to flow through an inlet inspection glass into the reac- 
tion apparatus in which the separation of the fatty acid from the neutral por- 
tion is affected. The reaction apparatus, made of special acid-resisting ma- 
terial rectangular in shape with a number of interconnecting chambers, is 
heated to a temperature of 200—280°C. to vaporize the fatty acids. The crude 
oil flows in a thin film along the bottom and the deacidification or distilla- 
tion takes place. Owing to the high vacuum maintained in the distillation 
vessel the particles of the relatively cold injected steam expand instantane- 
ously; the consequence of this violent explosion-like evaporation of liquid in 
oil causes the vaporized fatty acid and all the volatile odorous constituents to 
leave the vessel in the form of a thick fog at a temperature of ]20-150°C. 
This vapor is then directed into the cooler, where the condensation of the 
fatty acids and other volatile constituents is affected. It has become possible 
to distil highly unsaturated fatty acids without decomposition and polymeri- 
zation; even waste fats of pure quality may be distilled by this method. The 
process was developed initially to remove free fatty acids from oils and fats 
instead of having to resort to the conventional alkali refining process, but it 
is chiefly adapted now to distil the fatty acids themselves or to distil highly 
acid soap stock fatty acids, leaving the practically unchanged neutral fat be- 
hind. 

Tolman and Goranflo*® have described a continuous high vacuum steam 
distillation process developed from experiences gained in the petroleum in- 
dustry. It is called a flash distillation process. The acids are preheated in 
the condenser and second preheater and are injected toward the top of a dis- 
tilling tower fitted with ordinary tray and bubble cap tower, so that intimate 
contact between steam and fatty acids is obtained. The feed stock and strip- 
ping steam is heated by Dowtherm vapor.*’ Dowtherm heating is highly ad- 
vantageous in comparison with direct firing, since Dowtherm vapors can be 
condensed at a temperature only slightly above that desired in the feed stock; 
thus, overheating and polymerization of acids in stagnant films or “dead 
spots” is avoided (Fig. XV-3). The relative efficiency in yield and residue 
of the different distillation processes is illustrated by the following figures:** 


Type of distillation % yield % of residue 
(Batch asset ncceuter a. o..28 BOL O0 10-15 
Continuous 95-97 3H) 
Flash > 97 <3 


36 L. M. Tolman and S. Goranflo, Oil & Soap, 12, 26 (1935). 

37 A, E. Bailey, Industrial Oil and Fat Products, 2nd ed., Interscience, New York, 
1951, p. 885. 

38H. G. Kirchenbauer, Fats and Oils, Reinhold, New York, 1944, p. 62. 
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Fig. XV-3. Continuous fatty acid distillation plant (courtesy Wurster & Sanger, Inc.) .388 


Probably the most efficient and modern method of all is to combine very 
high vacuum of the order of a few tenths of a millimeter of mercury with the 
flash evaporation principle and to do away with steam injection altogether, 
In this case the fatty acids are sprayed directly into the vacuum chamber. 

R. W. Berger*** describes recent progress based on this line of thought. 
He summarizes the improvements of such a plant (Fig. XV-3) constructed 
by Wurster & Sanger, Inc., Chicago, as follows: “In the simple distillation of 
fatty acids, improved results with respect to product quality. uniformity, and 
yields are obtained with reduced plant operating and space requirements be- 
cause of the following factors: (J) Continuous operation under automatic 
instrument control. (2) Deaerating the feed stock before heating. (3) 


282 R, W. Berger, J. Am. Oil Chem. Soc., 29, 81-87 (1952), 
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Vacuum drying the crude fatty acids at low temperatures (at 150-200°F. 
under a vacuum of 26-28 inches Hg). (4) Indirectly heating the fatty 
acids to distillation temperatures by means of condensing Dowtherm vapors 
within the bubble trays of a stripping still. With this unique heating system 
the fatty acids are not exposed to high temperatures until they are under the 
high vacuum within the still itself (The maximum operating temperature, 
when distilling a mixture of fatty acids with a vapor pressure of 5 mm. Hg 
at 400°F. actually would be about 400°F. The maximum surface tempera- 
ture to which the fatty acids are exposed during a very short period is in the 
range of 525-625°F.), thereby eliminating the preheating of feed stocks far 
above distillation temperatures before they are under high vacuum. (5) 
Low hold-up and minimum heat transfer surface temperature in the stripping 
still. (6) Removal of entrainment from the distillate vapor stream before 
condensing the product. (7) Efficient product condensing system and cool- 
ing the product before discharge to the atmosphere. (3) Residues which 
are easily handled for recovery of free and combined acids. (10) Freedom 
from metallic contamination, because of all stainless stee] construction, 
wherever contacted by fatty acids.” 

Another plant based on Dowtherm heating system and also suitable for 
small scale operation (12 tons daily) is constructed by James P. O’Donnell 
Engineers, New York. The Dowtherm heated distillation column contains 
Koch cascade trays, and the fatty acids may be fed at alternate feed locations 
at different heights of the distillation column. There is a central control 
panel which records the process variables. In this plant preheating of the 
fatty acids is done through a coil passing through the top of the distillation 
column. The whole plant is very compact and may be operated by one man 
(Fig. XV-4) 28 

As already pointed out, fatty acids are very corrosive to ordinary carbon 
steel at high temperatures. A suitable material for the construction of stills 
is a type 316 or other molybdenum-stabilized stainless steel. Ordinary, 18-8 
stainless steel is said to be not much more resistant than ordinary steel. 
Table XV-3 shows the resistance to corrosion of different material of con- 
struction in an actual field test carried out inside a vacuum still for refining 
crude fatty acids.*° 

Monel has the approximate composition: 68% Ni, 28% Cu and 2% Fe, 
together with small percentages of Mn, Si, etc. Inconel has the following ap- 
proximate composition: 80% Ni, 14% Cr, and 6% Fe. Aluminum is also 
recommended as material of construction for fatty acid production plants 
and the storage of fatty acids, but it has several drawbacks: its easy deforma- 


88b Chem. Engineering, 59, No. 2, 252, 254 (1952). 
89 “Monel Notes,” No. 19 (1945). Henry Wiggins & Co., London. 
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Fig. XV-4. O’Donnell continuous fatty acid distillation plant.35? 


tion, its lack of alkali resistance, and the special technique required in fabri- 
cation. Another step in fatty acid distillation is the fractional distillation of 
fatty acids.*° Briefly, the method consists of inserting a fractionating column 
above the still receptacle. This is frequently of the bubble-cap type and must 
he strongly resistant to corrosion. Since the separation of fatty acids is pro- 
portional to their molecular weights, it is seen readily that oleic (282) cannot 
be separated from stearic (284), whereas both can be separated to some de- 


TABLE XV-3 
Corrosion rate. in. penetration per yr, 
Metals - : = 

Vapor Liquid 
Inconel 0.0008 0.0011 
Monel 0.0025 0.0039 
Nickel . 0.0033 0.0041 
18-8 stainless steel 0.00167 0.00122 
Ni-Resist oe 0.014 0.015 
Cet MbOn ees ccntrea eres acs 0.73 0.79 


@ The specimens were pitted with many shallow pits. 
40 A. E. Railey, loc. cit., pp. 887-88. 
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gree from palmitic (256). The lower saturated acids can be separated even 
more readily from one another—lauric (200) from myristic (228), etc. For 
this reason most of the fatty acids for soapmaking are distilled for purposes 
of purification only and fractionation is reserved for those fatty acids that 
contain short chains, such as coconut oil, palm kernel oil, etc. By distilling 
off the low molecular fractions, i.e., caproic, caprylic, and capric acids of 
coconut oil or palm kernel fatty acids especially purified fatty acids are pro- 
duced, which do not show the disagreeable “bite,” i.e., the skin sensitizing 
effect which is generally attributed to the soaps of the caproic, caprylic, and 
capric fatty acids (see Chapter XXXII). 


TABLE XV-4 
Properties Lauric acid Myristic acid 
Mol. wt. (nominal) 200.2 228.2 
Mol. wt. (mean) 203.0 226.0 
Titer 37.8 42.0 
Iodine value .... 1.0 2.0 
Acid value 276.0 248.0 


Lauric, myristic, caprylic, and capric acids are available in approximately 
80-90% purity from this source, while stearic and oleic must be obtained by 
crystallization or other methods as described later in Section 3. The data on 
two important soapmaking acids, lauric and myristic, as produced by frac- 
tional distillation, is given in Table XV-4. 

The physical characteristics of sodium and potassium myristates are those 
that may be expected from the position of myristic acid between lauric 
(coconut) acid and palmitic (palm oil) acid. These myristic acid soaps 
have the quick lather of coconut soaps and the rich creamy suds of higher 
titer palm oil soaps combined, but without the irritating effect on skin so 
characteristic of coconut oil soaps; this is due to the presence of fatty acids 
of low molecular weight (capric, caprylic, etc.) in coconut oil. The high 
titer, good color, and pleasant odor suggest the use of myristic acid in high 
quality toilet soaps, shaving creams, and other toilet preparations. The 50% 
potash soap is a soft soap of excellent detergent value for textile purposes, 
Ethylenediamine, morpholine and the ethanol amines form light-colored, 
easy lathering soaps. Triethanolamine gives a light-orange soap if adequate 
proportions are warmed together (246 parts myristic acid plus 140 parts 
triethanolamine). The resulting soap. when cool, is a solid, waxlike, yel- 
lowish mass, which can be brought to any consistency by the addition of 
waiter. 

Formulas for shampoos and shaving cream containing myristic acid will 
be found in the corresponding chapters. 
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(3) Fractionating Fatty Acids by Crystallization 
(A) Stearic Acip anp Rep Or 


The separation of stearic acid and oleic acid from tallow fatty acids is 
the oldest commercial process for separating different fatty acids by crys- 
tallization. The distilled tallow fatty acids are charged into shallow pans 
and caused to solidify by bringing down the temperature slowly to about 
4-5°C. in refrigerated rooms. The solid cakes are removed from the pans 
without breaking, are individually wrapped in press cloths, and are subjected 
to moderate pressure in hydraulic plate presses. The liquid expressed consti- 
tutes commercial oleic acid or red oil and contains, besides oleic acid, some 
dissolved saturated acids, and some linoleic acid. The solid fatty acids in the 
press cloths are known as “single pressed”’ stearic acid. These cakes are re- 
cast and subjected to heat pressing in specially constructed heated presses. 
This process may be repeated, thus producing “double” or “triple” pressed 
stearic acid. The triple pressed product is especially important in the produc- 
tion of shaving creams or sticks. The accompanying figures show the char- 
acteristics of different commercial stearic acids. 


CHARACTERISTICS OF SOME COMMERCIAL Stearic Acips 


Iodine 


Sample WI Te, I CG) value (av.) Liter Cav.) 
Single pressed emmumnmnnmaina ~ 125-126 (51.7~52.2) 15 53.2°C, 
Double pressed .. 128-129 (33.3-53.9) 8 54.2°C, 
Triple pressed .... 130-151 (54,4-55.0) 3A Bore Gi; 


“The United States Pharmacopeia prescribes an iodine value below 4 for Acidum 
Stearicum. 


Neutralization values of commercial stearic acid are between 200 and 210. 
Unsaponifiable matter in stearic acids from distilled tallow fatty acids is 
practically nil; from undistilled tallow fatty acids it may represent up to 1%. 
Commercial oleic acid or red oil from tallow may have the characteristics 
shown below: 


Sample Titer Todine value gras Neutral fat 
Undistilled IS Ale; 78-83 Max. 5% Max. 10% 
Distilled =a. 90-93 Max. 3% Max. 3% 


The saponification value of commercial oleic acids is normally between 200 
and 205. 
(B) FRACTIONAL CRYSTALLIZATION OF Farry ACIDS IN SOLVENTS 


The next development in separation of fatty acids was by crystallization 
from suitable solvents. By this method, not only tallow fatty acids could be 
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separated in different fractions, but also the fatty acids from practically all 
sources. The first commercially effective process was the Emersol process 
by Emery Industries and constructed by Blaw-Knox.*t The crystallization 
is carried out by chilling the distilled fatty acids with the help of a crystal 
promoter in methyl alcohol. The crystallized fatty acids are filtered from 
the alcohol solution on an enclosed rotary vacuum filter. In the oleic still 
the methyl alcohol is distilled from the filtrate, and in the stearic still the al- 
cohol is removed from the filter cake. The following results were obtained on 
fatty acids from Twitchell splitting and vacuum distillation: 


Tallow (No. 1 tallow). Titer 42.4°C., IV. (iodine value) 52.2. When treated by 
the Emersol process yielded: 
Stearic acid. 51%, titer 54.1°C., LV. 6.0. 
Oleic acid. 49%, titer 2.0°C. 
Grease (white grease). Titer 38.7°C., IV. 62.5. When treated by the Emersol 
process yielded: 
Stearic acid. 38%, titer 53.7°C., LV. 6.0. 
Oleic acid. 62%, titer 2.0°C. 
Stearine (yellow grease stearine). Titer 45.2°C., IV. 44.7. When treated by the 
Emersol process yielded: 
Stearic acid. 52%, titer 54.1°C., LY. 6.0. 
Oleic acid. 48%, titer 2.0°C. 
Garbage grease. Titer 37.5°C., I.V. 68.4. When treated by the Emersol process 
yielded: 
Stearic acid. 35%, titer 53°C., LV. 6.0. 
Oleic acid. 65%, titer 2.0°C. 
Note that the high titer tallow and high stearine yield a larger quantity of high titer 
stearic acid than is obtained from the lower titer lower grade fats. 


When vegetable oil fatty acids are treated by the Emersol process, the 
solid acid usually obtained is mainly palmitic acid which is particularly suit- 
able for use in the manufacture of cosmetics. Results obtained with palm oil 
and cottonseed oil are as follows: 


Palm oil. Titer 45.0°C., I.V. 52.9. When treated by the Emersol process yielded: 
Solid acids. 55.5%, titer 55.1°C., I. V. 14.0. 
Liquid acids. 44.5%, titer 4.0°C. 
The relatively high I.V. of the solid acids (chiefly palmitic acid) is not objectionable 
in the manufacture of shaving soaps. 
Cottonseed oil (cottonseed foots). Titer 35°C., I.V. 98. When treated by the Emer- 
sol process yielded: 
Solid acids. 36%, titer 49.5°C., LV. 32.5. 
Liquid acids. 64%, I.V. 137. 


The above described method seldom gives a red oil of greater purity than 
about 75% oleic acid for two reasons. First, tallow itself contains a few per 


41 Blaw-Knox Bulletin No. 2051. R. E. Kistler, V. J. Muckerheide, and L, D. Meyers, 
Oil & Soap, 23, 146-150 (1946). 
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cent of the highly unsaturated linoleic acid which concentrates in the red oil 
fraction to approximately 13%. The presence of such unsaturated acid tends 
to solubilize the saturated ones, making them hard to remove. By pretreat- 
ment of the tallow or tallow acids by slight hydrogenation before pressing,*? 
it is possible to raise the purity of the resulting red oil to above 90% oleic. 
Treatment to polymerize the linoleic will have a similar effect, although the 
practical application of this method to tallow is restricted.** 

To summarize, the separation of fatty acids mixtures into fatty acids of 
distinct types makes it possible to manufacture “tailor made” soap from acids 
chosen for the specific properties they give to a soap produced from them. 


(4) Advantages of Fatty Acids for Soap Manufacture 


The advantages of the use of fatty acids for the soap industry are de- 
scribed in an article by Stingley.** He points out that in spite of the fact that 
according to the last figures of he U. S. Bureau of the Census before the war, 
only 5% of the fat raw materials for the soap industry were fatty acids (about 
100 million pounds out of 2 billion pounds), they are, however, being used 
more and more in the soap industry in the United States and abroad. The 
advantages of fatty acids, especially if brought on the market as processed 
raw material with definite characteristics, allow the production of soap of 
uniform quality. Fatty acids may be saponified directly in crutchers and 
need not necessarily be boiled in the soap kettle. Saponification of fatty 
acids proceeds rapidly, and, because it is a strongly exothermic process, heat 
consumption is greatly reduced. Since fatty acids saponify in a fraction of 
the time required for natural oils, crutcher turnover is speeded up, giving 
increased capacity without additional equipment, thus reducing both labor 
and overhead unit costs. Because fatty acids contain no glycerine, the yield 
of anhydrous soap is 4 to 8% higher than from the corresponding neutral 
fat which, on a comparable per pound cost basis. shows a substantial raw 
material saving in favor of fatty acids. If pure uniform fatty acids are used, 
a fatty acid of different type may be blended, from which a soap may be 
produced with all desirable properties without boiling and graining out. 


(5) Synthetic Fatty Acids 


The production of fatty acids by oxidation of paraffin was developed 
mainly in Germany. The production of synthetic fatty. acids reached 40,000 
tons in 1939 and about 80,000 by the end of World War II. In a compre- 


42U. S. Pat. 2,457,611. 

43 Personal communication, W. C. Ault, Eastern Regional Research Laboratories, 
U. S. Dept. Agr., Philadelphia, Pa. 

44 PD. Stingley, Soap, 21, No. 2, 63-64 (1945). 
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hensive report on synthetic fatty acids, Wittka*® points out that the chief raw 
materials of synthetic fatty acids are the synthetic paraffins produced from 
the Fischer-Tropsch process. Although the process normally yields only 
about 10% paraffin when it is carried out under a pressure of fifteen at- 
mospheres, this yield can be increased to 50%. Under such a condition, 
the synthesis can be used to produce paraffin economically for the manufac- 
ture of fatty acids. The nonparaffin by-products of the Fischer-Tropsch 
process are hydrocarbons of low molecular weight, including naphthas, light 
mineral oils, etc. The crude paraffin wax obtained by synthesis is a mixture 
of the straight-chain hydrocarbon homologs with a wide range of molecular 
weights. For the oxidation to fatty acids, the hydrocarbons must be sepa- 
rated by fractional distillation, as the higher and lower fractions cannot be 
utilized in soapmaking. The most desirable fraction for oxidation contains 
the paraffins from CygH3g to CogHss, with an average molecular weight of 284. 
These hydrocarbons, when oxidized, yield fatty acids with an average molecu- 
lar weight of 214, corresponding to fatty acids of the formula C;,H2.Q0z, 
with properties corresponding to a mixture of lauric acid, Ci2H».O2, with 
myristic acid, C.,H2.02. This fraction of hydrocarbons has an initial boiling 
point of over 350°C. Some of the paraffins formed by the Fischer-Tropsch 
method have molecular weights as high as 8,500, corresponding to the for- 
mula CgooH1202. These can be used for other purposes, but they are of no use 
in the synthesis of fatty acids, for the acids so formed make soap totally lack- 
ing in detergent power. The fraction used for oxidation is a semi-solid white 
mixture of paraffin hydrocarbons. This soft white fraction is commonly 
called Fischer-Gatsch. The chemical reactions of the oxidation are not yet 
definitely known, but it seems evident that the first reaction consists in the 
interpolation of one oxygen molecule between the carbon and hydrogen atoms 
of one of the CH, groups of the paraffin molecule. 


H 
| 
R-—CH:—CH:—CH»—R + O02 > yee oi ae 


oO 


| 
OH 


This equation seems to be correct, as it was found that the C—C is stronger 
than the C—H bond. The peroxides formed as the first product of oxidation 
are unstable and break down to form aldehydes and alcohols, which are in 
turn oxidized further and converted into fatty acids: 


1 i 
Jee (ONE pe R —> RCHz—C-—-O—CH.—R — R--CH»-CHO + 
OOH OH 
R—CH,—OH — 2R—CH.CHO + O02 —> 2R—CHs—COOH 
45 F, Wittka, Soap, 16 (1940): No. 8, 28-32, 73; No. 9, 34-37, 73. 
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Of course, other reactions are possible and can be used to explain the 
many oxidation products. Since the paraffin molecule contains so many 
CH, groups, all practically identical in chemical properties, it is to be ex- 
pected that the oxidation will not begin at any particular CH, group, but on 
any or every group without regard to position. That this is the case is veri- 
fied by the fact that the fatty acids produced by this method have a large 
range of molecular weights. The oxidation of the Fischer-Gatsch paraffins 
results in the formation of all the homologous fatty acids from formic acid to 
octadecanoic acid. 

The manufacture of synthetic fatty acids follows these general steps: (J) 
Pretreatment of the paraffins. (2) Oxidation in the presence of catalysts. 
(3) Separation of the oxidation products. (4) Purification of the fatty acids. 

Pretreatment means the fractional distillation of the paraffin in such a 
manner that only paraffins of the following composition remain. 


Parafins with 19 to 22 C atoms 
22 to 25 C atoms 
25 to 27 C atoms 
27 to 28 C atoms .. 
Over 28 C atoms 


The average molecular weight of this hydrocarbon mixture is 284, corre- 
sponding approximately to the formula C.H2. Besides, pretreatment means 
the subjecting of these paraffins to the actions of strong oxidants. Adding 
previously oxidized paraffins also has the effect of speeding up oxidation. 
The actual oxidation*® may be carried out at and above 160°C. in aluminum 
vessels with an alloy steel head (Fig. XV-5). At Witten, there are 12 ves- 
sels, each of 20 tons capacity, and 24 vessels of 10 tons capacity. Eight of the 
latter are made entirely of alloy steel (chrome nickel), but these are not as 
satisfactory as the aluminum vessels, since this metal catalyzes the oxidation 
reaction. Alloy steel heads are necessary, however, since aluminum is cor- 
roded by the low molecular volatile fatty acids. The 20-ton vessels are 9 me- 
ters high and of 2.7 meters interior diameter. Each vessel is provided with 
an air distributor, a bottom dished coil for heating and a middle coil for 
cooling, the oxidation reaction being exothermic. The air distributor and 
pipes are made of chrome nickel steel. The air distributor has a diameter 
of 1.2 meters, the top being provided with 1 mm. holes and the bottom with 
3 or 4 large holes. Such a vessel is shown diagrammatically in Figure XV-5. 
The oxidation is carried on only until about 30% of the Gatsch has been 
oxidized. Experience has shown that further oxidation results in the forma- 
tion of undesirable products such as ketones. The low molecular weight or 

46 “Production of Synthetic Fatty Acids and Edible Fats, Deutsche FettsAurewerke, 


Witten,” by E. L. Baldeschwieler. Report No. 225, Office of the Publication Board, 
U. S, Dept. Commerce, Washington, D. C., 1945, 


XV. FATTY ACIDS AND THEIR MANUFACTURE 267 


volatile acids are condensed, absorbed in water, and separated into two 
layers. The lower layer consists of an aqueous solution of formic, acetic, and 
some propionic acids, the upper layer being a mixture of C;—Cy, acids. The 
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Fig. XV-5. 20 ton kettle for wax oxidation,’ 


formic acid is used for the treatment of fodder silos and the acetic acid for 
esterification of cellulose. The water-insoluble acids are sold for the manu- 
facture of plasticizers, perfumes, etc. The wash towers are 1] meters high 
and are provided with Jena glass lines to prevent corrosion by the water- 
soluble acids. In the oxidation vessels, 8-20 tons Fischer-Tropsch Gatsch is 
charged together with 0.2% potassium permanganate in 15% aqueous solu- 
tion. At 110°C. 50 cubic meters of air per ton of parafiin Gatsch is blown 
through for a period of 20-24 hrs. About 50-70% of the Gatsch remains as 
unsaponifiable and is separated from the oxidation product by saponifying the 
latter with the calculated amount of 38° Be NaOH solution. The reaction 
products separate into two layers. The upper layer consists of unreacted 
Gatsch and is returned to the oxidation vessel. The lower layer is an emul- 
sion containing 30% soap and 30% CGatsch which is fed into an autoclave 
and heated for one hour at 170-180°C. and 25 atm. pressure. This treatment 
causes a further separation of Gatsch, which is returned to the oxidation 
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vessel and a lower layer of soap solution containing 45% soap and 15% 
Gatsch. The soap solution is then fed to a pipe still heated by gas at 320°C. 
for soap acids and 380°C. for edible acids when the water and remaining 
Gatsch are driven off. The Gatsch is recycled. The anhydrous soap is then 
run directly into water to form a 40% solution and the fatty acids liberated 
by addition of sulfuric acid. This reaction is carried out at 90-95°C. 

The vacuum distillation of the liberated fatty acids is carried out in four 
stages, corresponding to the four cuts. The first stage |Vorlauf or light frac- 
tion) is provided with a fractionating column. The next two stages are in 
parallel (Hauptlauf or main fraction), and the last stage is for the heavy 


TABLE XV-5 
Light fraction Main fraction Heavy fraction Residue 
(Vorlauf) (Hauptlauf) (Nachlauf)  (Riickstand) 
Temperature, °C, up to 120 120-170 270-315 _— 
Yield, % 15-20 55-60 fate, st} 
Wit 5, Ee = C8-C10 C10-C20 C21-C28 
Neutralization No. 450-460 245 155-160 80-90 
Saponification No. .. 450-460 255 175-180 110-120 
Esterification No. 0-1 10 20 30 
Unsaponifiable matter, % ..-~ 0 15} 10.0 = 


fraction (Nachlauj), the residue being collected from the kettle of the last 

stage. The distillation is carried out in the presence of 5% of steam; the 

total steam consumption, including the vacuum steam injectors, is approxi- 

mately equal to the weight of acids treated. Composition of the fractions is 

shown in Table XV-5. Total yield of fatty acids is 80% of the still charge. 
The fatty acids from the main fraction are the main raw material of inter- 

est to the soap industry. (In Germany, some of those synthetic acids were 

esterified with glycerine for the production of edible fat.) The fatty acid 

fraction that can be used in soapmaking is a soft yellowish product with the 

following properties:** 

26.2°C- (30°C) 

practically none 

244.2 (239) 

247.2 (239.5) 


29.8 = C1sxH2;COOH 
4.9 


Solidification 
Odors. 
Acid value .. 
Saponification value 
Average mol. wt. -. 
Todine value sms: 
Hydroxyl value .. 
Naphtha insoluble ..... 
Unsaponifiable matter .. 


A note by the Fuel Rescarch Station DSIR in Great Britain*® mentions 
the fact that the German synthetic soap possessed excellent lathering power, 
but had the property of leaving an unpleasant odor on the skin after use, and 


47 F, Wittka, Soap, 16, No. 9, 73 (1940). 
48 Food, 15, 128 (1946). 
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the synthetic acids were used in toilet soaps only to the extent of 20 to 30% 
of the total fatty acid content. Further, it is pointed out that, at present, the 
process is rather uneconomical. Under the best conditions achieved in Ger- 
many, the production of a ton synthetic fat or soap requires 60-70 tons of 
coal, 

How far this process is feasible from an economic paint of view under 
normal conditions is difficult to assess, but it may be surmised that improve- 
ments are possible, and that the process may also find applications under 
normal peacetime conditions. Synthetic fatty acids are also produced in 
Russia, but we do not know how successfully. The effect of different cata- 
lysts on the oxidation of paraffin was described by H. Pardun and R. Ku- 
chinca.** 

Quite another approach to the problem of the synthesis of fatty acids is 
described in the British patents 605,848-49 (1948) held by E. I. du Pont de 
Nemours & Co. The synthesis consists in the condensation of ethylene with 
a short chain saturated fatty acid such as acetic, propionic, isobutyric, etc. 
acid to give a saturated fatty acid with a chain length of practically any de- 
sired length. A small percentage of catalyst, some tenth per cent of the re- 
action mixture, is used. Catalysts mentioned are hydrazine sulfate, dibenzyl- 
hydrazine, or even a few parts per million of oxygen. Higher amounts of 
oxygen (over 100 p.p.m.) interfere with the reaction. Thus the ethylene 
used must be freed from larger amounts of oxygen, acetylenic, and other 
similar type impurities by a special pretreatment. The reaction may be 
written as follows: 


n(CH»=CH,) + H—R:R.CCOOH > H(C:H;) »RiR,CCOOH 

where R, and R. may be hydrogen, monovalent H groups, etc. In one ex- 
ample 100 parts isobutyric acid was condensed with 112 parts ethylene at 
250°C. and 850-950 atmospheres of pressure. This results in a 11.5% yield 
(acid basis) of a fatty acid having a molecular weight of 728, i.e., a calcu- 
lated chain length of C5). In another example, using a lower ratio of ethylene, 
a yield of 16.5% (acid basis) of a fatty acid with a molecular weight of 
346 (Co2) was obtained. How far this method will be of immediate interest 
for the soap industry remains to be seen. The very high pressure somewhat 
warrants against immediate large scale production as equipment would be 
extremely expensive, especially if large batches are to be produced. How- 
ever, the approach to the synthesis of fatty acids is quite an interesting and 
original one, so this short description should be of interest here.*” 

490 H. Pardun and R. Kuchinoa, Erdocl um Kohle, 3, 109-120 (1950). See also H. 


Anders, Fette u. Seifen, 54, 77-80 (1952). 
48b J, W. McCutcheon, Soap & Sanit. Chem., 28, No. 1, 83 (1952). 
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(6) Naphthenic Acids* 


These acids are by-products of the petroleum industry and have found use 
as a fat raw material for the soap industry only to a relatively small extent. 
In Russia, where the crudes are usually rich in naphthenic acids, they are 
used to a somewhat greater extent. The naphthenic acids cover a class of 
cyclic acids in a range of molecular weights from the lowest possible to the 
order of 1000 or more. At present, the identity of the naphthenic acids as 
carboxyl derivatives of naphthenes is regarded as having been established, 
although the exact structures involved are still being worked out. At the 
same time, the presence, in smaller portions, of the conventional fatty acids 
is being recognized. The recovery of naphthenic acid is achieved by the al- 
kali wash of different petroleum fractions and subsequent refining of the 
crude naphthenic soaps obtained. The acids vary considerably in their 
chemical composition and analytical data. Some typical commercial products 
in the United States show the following data:*° 


Type A Type B 


Neutralization number 299 167 
Combining weight ....... 188 335 
Purity, % naphthenic acids .. _- 85 
Sulfur, % 0.69 0.58 
Specific gravity -. 0.978 0.980 
POUT DOIN tle Hemera == ALR 
Distillation: 10%, °F. 472 
0%, 1 am 567 
% at 500°F. 3h 
Light Trace 
yellow 


It is somewhat undeserved that naphthenic acids are not used to a greater 
extent in the soap industry. The sodium soaps of most naphthenic acids have 
somewhat similar properties as the soaps of coconut oil; they are easily sol- 
uble and quick lathering; they are not easily salted-out, as they are very 
resistant to electrolytes. The latter fact makes them valuable raw material 
for the production of sea water soaps. J. Davidsohn proved that most naph- 
thenic acid soaps are salted-out only with even higher concentration of NaC] 
solution than coconut or palm kernel oil soap. He produced, on a laboratorv 
scale, a hard soap from a fat stock of 33% coconut oil, 33% tallow, and 
33% refined naphthenic acid. 

It is possible that naphthenic acids are not used to a great extent in the 
production of common soaps because they are valuable raw materials for 
different metal soaps, which are used as siccatives in the paint and varnish 
industry and for rotproofing of textiles (copper naphthenates) and ship bot- 


49 W. A. Gruse and D. R. Stevens, The Chemical Technology of Petroleum. 2nd ed. 
McGraw-Hill, New York, 1942, p. 97. 
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tom paints. Besides, many special synthetic detergents and emulsifying 
agents are produced on the basis of sulfonated naphthenic acids. 

Naphthenic acid soaps with triethanolamine are clear liquid products 
which are useful additions to liquid soaps for clarifying and lowering the 
temperature at which they congeal or develop turpidity.*° Only highly re- 
fined, practically odorless grades of naphthenic acids are suitable for this 
special purpose. 


50 W. H. Dickens, Soap, Perfumery & Cosmetics, 10, 490 (1937). 


CHAPTER XVI 


INDIVIDUAL FATS AND OILS 


The individual fats and oils that are especially important raw materials 
for the soap industry will be discussed in this chapter. The specific property 
that each fat and oil gives to soap and its special use for the soapmaker will 
be pointed out in detail. (See also Table XH-7.) The analytical data and 
composition of the different oils and fats are given in Table XII-4. 


(1) VEGETABLE OILS AND FATS 


(1) Linseed Oil and Some Other Drying Oils of Similar Properties 
(A) LINSEED OIL 


This oil is obtained from the seed of the flax plant, Linum usttatissimum, 
which is extensively grown in the Argentine, Canada, India, Russia, and the 
United States. The flaxseed produced in the United States is grown largely 
in North and South Dakota, Minnesota, and Montana. The oil is usually ex- 
tracted by hot pressing with either hydraulic or automatic expeller presses. 
Usually, the seed contains about 40% oil. 6% oil generally remains in the 
oil cake. Linseed oil is a drying oil (for characteristics see Table XII-4). 
The crude oil contains mucilaginous, carbohydrate, and protcin substances 
which settle on standing in storage tanks. For soap manufacture, these 
settled crude oils are a valuable raw material mainly for the production of 
potash soaps. Further refining of linseed oil is carried out, if necessary, ac- 
cording to the usual refining process. Alkali refining removes the gum, 
coloring matter, etc. and definitely improves the oil for soapmaking. If fur- 
ther bleached with carbons and bleaching earth (2-3%), a very superior 
white oil is obtained, excellent for potash soap production. But linseed oil 
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may be used even for the production of yellow household soap. Linseed oil 
is easily saponified with caustic lyes of 12-15° Bé. It is standard practice to 
start saponification with lyes of 12-15° Bé and to complete the saponifica- 
tion with lyes of 20-25° Bé strength. Linseed sodium soap may be salted- 
out with caustic soda solution of about 9° Bé or brine solution of 6° Be. If 
produced “on niger,” linseed oil hard soap contains 50-60% fatty acids. 
This soap is rather soft and has a yellow or yellow brown color. It is easily 
soluble in water and gives a copious foam. It is not suitable to use linseed oil 
alone for the production of hard soap. The soaps have very poor keeping 
quality and, after a comparatively short time, give off a disagreeable odor and 
dark stains appear on the surface of the soap cake. Even in combination 
with saturated fats and oils, which form hard soaps, discoloration may ap- 
pear in the finished soap cake. But, according to Kranich,** the use of lin- 
seed oil in amounts varying from 15 to 25% blended with the other oils 
or their acid derivatives should not change the finished product to any 
great extent. The use of linseed oil should assist in the production of soaps 
made solely from fatty acids by having present in the batch a sufficient per- 
centage of neutral oil for subsequent smooth boiling for those factories not 
having proper mechanical equipment for the manufacture of soaps when 
using fatty acids alone. Stability and odor when using these limited propor- 
tions of linseed oil are not too serious a drawback. It is possible to use in- 
hibitors which prevent oxidation of the soap or to use linseed oil in combina- 
tion with rosin, whereby it may be possible to eliminate the danger of spot 
formation or the occurrence of fishy odor. Soaps from double distilled lin- 
seed fatty acids are less prone to discoloration and odor deterioration and 
show good properties even if used in high percentage of the fat stock. 

But the main use of linseed oil in soap manufacture is for the production 
of soit potash soap. If only caustic potash lye is used for saponification, a 
yield of 235-240% may be obtained. The pure potash soap is greenish yel- 
low to reddish yellow. More information about soft soaps from linseed oil 


will be given in Chapter XIX, 3. 


(B) Peritta Orn 


An oil with properties similar to linseed oil, perilla oil,5? is obtained from 
the seeds of the Perilla frutescens and related plants of the Labiatae family 
cultivated mainly in Northern India, Japan, Korea, and Manchuria, as well as 
in Brazil. The average oil content of the commercial seed is about 38%, but 
may vary in oil content between wide ranges (30-51%). The oil is not very 


51 H. Kranich, Soap, 20, No, 3, 27-28 (1944). E. J. Better, Allgem. Oel u. Fettztg., 
29, 6 (1932). 

52 ¢. S. Jamieson, Vegetable Fats and Oils, 2nd. ed., Reinhold, New York, 1943, pp. 
288-289. 
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suitable for the production of hard soap but in smaller percentages it may 
be used in potash soaps (see Table XII-4 for characteristics). 


(C) Poppy SEep Orn 


This oil®* is obtained from the seed of various varicties of the plant Papa- 
ver somniferum, which has been cultivated for centuries in Europe, China, 
India, Asia Minor, Egypt, and elsewhere. The seeds, which are white, brown, 
bluish gray or bluish black, contain from about 44 to over 50% of oil. The 
white seed is considered to yield the finest oil. It is customary to make a cold 
pressing, then a hot pressing. This highly unsaturated oil is used mainly for 
edible purposes, but the darker grades find their way into the soap pan. The 
oil is not suitable for the production of any but soft soap, for which it is a 
high-grade raw material, siving a transparent reddish soft soap of excellent 
foaming quality and high detergency (for characteristics, see Table XII-4). 


(D) Hemp Seep OIL 


Hemp seed oil is produced from the seed of the plant Cannabis sahoa, 
mainly cultivated in India, Manchuria, Europe, France, Italy, and Russia. 
Experiments with hemp seed have been made even in the United States. 
The seeds, containing 32-35% oil, according to Jamieson, are either solvent- 
extracted or pressed. The oil has a greenish color and is used in the soap 
industry for the production of green soft soap (see Table XII-4). 


(E) NicER SEED OIL 


Niger seed oil is obtained from the plant Guizote abyssinica, which 
grows In some parts of tropical Africa and India. The weight of the seeds 
containing 38-50% oil is only about 0.035 gram. Usually, the seed is pressed 
twice, cold and hot. The light-colored oil is used for edible purposes, but is 
sometimes used for soap manufacture. The oil is much less drying than the 
oil previously described. Soaps are practically never produced from niger 
seed oil alone. But in the pan charge it may be used to replace soybean or 
sunflower seed oil. 


(2) Soybean Oil 
Soybean oil is obtained in large quantities from the seed of the many cul- 
tivated varieties of the legume Glycine max L. Merill, cultivated since early 
times in China and other parts of the Far East, but also cultivated in more 
recent times practically in every part of the world. The largest producing 


countries are China, Manchuria, and the United States. The beans are 
largely grown in the corn belt of the United States. About one-half of the 


53 G. S. Jamieson, Joc. cit., p. 292. 
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oil in the United States is obtained by the expression method, the other half 
being obtained by solvent extraction. 

Soybeans have an average oil content of 17-22% and, in addition, contain 
lecithin (see Ch, XJI-1). An average yield from 1 ton of soybeans is about 
350 Ibs. of oil and 1600 lbs, of cake. For soap manufacture, both crude oil 
and refined oils are used. It is easily saponified with 10-12° Bé NaOH. 
Pure salted-out soybean oil sodium soap is hard and light yellow or green, 
but is not easily soluble and does not give a sufficient foam. Thus, it must 
be blended especially with coconut oil to give the necessary foam and de- 
tergent power. In this case, 20-30% in the fat stock may be used. Soybean 
oil soap is salted out with 8.5 Bé NaOH or 6 Bé NaCl. For the production 
of soft potash soap it is a very suitable raw material, as the potassium soap 
foams much better than the sodium soap. The soft potash soap has a reddish 
yellow color, it is transparent, and it is heat resistant. For the characteristics 
of soybean oil—a drying oil—see Table XII-4. 


(3) Sunflower Seed Oil 


This oil is obtained from several varieties of Helianthus annuus. Sun- 
flowers are cultivated mainly in Russia, the countries of Southeast Europe, 
China, India, and Argentina. The seed contains 22 to 23% oil; the 
kernels, which form 49-54% of the seed, contain about 50% oi1.°* The seed 
is either freed from the hull or is pressed or extracted as whole seed. The 
cold-pressed oil is a high-grade edible oil, but the lower grades, usually un- 
refined, are used in the soap industry. It is a yellow oil of the semidrying 
type which very often appears turbid. The turbidity derives from the waxy 
coating of the seed and some mucilaginous substance left in the raw oil. Sun- 
flower oil may be used in rather high percentages for the production of hard 
soap. In Russia, the oil is even used as 100% fat stock for the production 
of hard soap. 

Taking into consideration, however, that the oil contains only about 8% 
solid fatty acids, it would appear to be unsuitable as a raw material for hard 
soap. Soap from sunflower oil has poor keeping quality and is rather soft. 
But the use of sunflower seed oil in combination with other harder fats has 
many advantages, since it imparts a very homogeneous structure to the soap. 
The oil is not easily saponified. Very weak lyes are used to start saponifica- 
tion. Stronger lyes are used to complete the saponification process. Soap 
from sunflower seed oil is very sensitive to electrolytes. It is completely 
salted-out by caustic soda of 7° Be or brine solution of 5° Be. It is of advan- 
tage to saponify first the sunflower seed oil completely and then to add the 
other components of the fat stock and saponify them in the sunflower oil soap 


54K. J. Better, Allgem. Oel u. Fettztg., 29, 211 (1932). 
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in the pan. Potash soaps may be produced from sunflower seed oil alone, 
giving a yield of 235-240%. These soaps have a pleasant breadlike odor, but 
it is common to cover this odor by the use of rosin. 

Mention must be made of the fact that in Russia especially sunflower oil 
is hydrogenated to give fat of different degrees of hardness. This hydrogen- 
ated sunflower seed oil (Salomass) is then used for the production of hard 
soaps—even toilet soaps. For characteristics see Table XII-4. 


(4) Cottonseed and Kapok Oil 


Cottonseed oil has great importance not only as an edible oil, but also as 
a soap oil. Cottonseed oil is obtained from the seeds of various species of 
the plant Gossypium. The oil is a by-product of the processing of the plant 
for fiber. The world’s greatest cotton producing region is Southern United 
States; other important producing countries are India, China, Russia, Egypt, 
and Brazil. The average yields of the various products resulting from the 
processing of one short ton of cleaned seeds are approximately as follows: 


Linters .. 143 Ibs. or 7.15% 


Hulls 520 lbs. or 26.0% 
Oil cake 906 lbs. or 55.3% 
Crude oil... .. 812 Ibs. or 15.6% 
Loss (principally moisture) ecnsuemccnnncnes 120 lbs. or 6.0% 


Crude cottonseed oi] has a strong, characteristic flavor and odor and a 
dark, reddish brown color from the presence of pigments and other highly 
colored material extracted from the seed. Its free fatty acid content and gen- 
eral quality depend to a considerable extent upon the weather prevailing dur- 
ing the time that the cotton stands in the field after coming to maturity. 
Hence, the quality of crude oil will vary in any given locality from year to 
year, being highest in dry seasons and lowest when the seed is exposed to 
wet weather in the fields, or stored with a high moisture content. The free 
fatty acid content of the best North American oil will vary from 0.5 to 1.0%, 
although oil containing 1.5 to 3.0% of free acids is not uncommon, and the 
free acid content of oil from wet or damaged seeds may he as high as 5% 
or more. In the United States, where elaborate trading rules have been 
evolved for dealing in cottonseed oil, the grade and price of the oil are not 
established from the characteristics of the crude oil, but are based upon the 
yield of oil obtained by a standard refining test, and the color of the refined 
oil. The crude oil refines by caustic soda treatment to a relatively light color, 
i.e., good oil may readily be refined to a color on the Lovibond scale of 35 
yellow and 4 to 7 red. As the free fatty acid content of the oil increases, there 
is a corresponding increase in the refining loss, coupled with a more or less 
progressive increase in the color of the refined oil.®5 It must be pointed out 


55 A, E. Bailey, Industrial Oil and Fat Products, 2nd. ed., Interscience. New York, 
1951, p. 151. 
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ihat, for the soap industry, practically all cottonseed oil is refined oil, as the 
color of the crude oil would darken the soap to a considerable extent. The 
very dark soapstock from the refining of cottonseed oil is usually split with 
sulfuric acid and the fatty acids distilled (see Ch. XV-2). The distilled fatty 
acids are of light color and a valuable raw material for the soap industry. 
The soapstock is sometimes used as such for the production of low-grade 
hard or soft soap, but fatty acid distillation methods are preferred. 

The refined cottonseed oil, as it is used for the production of soap, has a 
yellow brown color (for characteristics, see Table XII-4). The oil is sa- 
ponified with 10-12° Bé caustic lye, but it is of advantage to saponify a 
mixed fat stock. The sodium soap from cottonseed oil alone has a yellow 
color, it may be salted out with 8° Bé NaOH or 5.5° Bé NaCl to a low fat 
stock soap of around 59%. The most common practice is to use cottonseed 
oil in the fat charge in combination with tallow, grease, and coconut oil. Pot- 
ash soap from cottonseed oil is yellow and turns turbid after some time. 
Soap with too high a percentage of cottonseed oil in the pan charge has poor 
keeping qualities, and spots, and discolors frequently. Cottonseed oil should 
never be used in high-grade toilet soap. 

An important by-product of the production of edible cottonseed oil is 
cotton stearine. This is a fat of a high melting point, about 30-40°C., but 
very often lower, obtained by the winterizing process in which the refined oil 
is chilled and maintained at low temperature, about 0°C. The high melting 
constituents of the oil are crystallized and filtered off. The quantity of ste- 
arine separated in wintering cottonseed oil depends somewhat upon the 
source of the seed from which the oil was obtained. Oil from India gen- 
erally yields less stearine than oils from America and Egypt. In the United 
States. the stearine separated usually varies from 12 to 25% of the oil, 16 to 
18% being common.*®* Often the yield of stearine from a given oil varies 
considerably at different plants because of variation in the conditions in the 
chillroom. Cottonseed oil stearine gives corresponding harder soaps. The 
following characteristics for cotton stearine are given by Griin and Walden.*” 

Specific gravity (15°C.) ... 
(Melinnp pointes Garena 


Solidifying point, °C, ... 16-32 
Saponification value 194.6-195.1 (198.4) 
Todine value ....~ 88.0-103.8 


The titer of the fatty acids of cotton stearine usually lies between 21-23°C. 
This is a typical analysis, which shows that cotton stearine still contains 
a large percentage of unsaturated fatty acids. In a sense, cottonseed oil 


56 G. S. Jamieson, loc. cit., p. 213. 
57 A. Griin and W. Walden. Analyse der Fette und Wachse, Vol. 2, Springer, Berlin, 
1929, p. 129. 
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TABLE XVI-1°8 


CHance in Composition oF CoTTONSEED OL THROUGH PROGRESSIVE HYDROGENATION 


Todine value % linoleic % oleic % isooleic % satd. acid 
104.0 48.4 23.4 0.8 26.7 
87.5 29.2 42.9 6.1 27.4 
TAO 13.9 57.6 1le33 27.3 
64.1 3.6 67.4 16.8 28.8 
59.7 0.7 68.0 21.0 30.0 
55.2 — — DAH 33.9 
49.9 a —- 21.1 38.5 
42.7 _ — 19.0 47.5 
34,7 —_ — 15.8 57.0 


stearine gives to a soap the same properties as peanut oil. Hydrogenated cot- 
tonseed oil is a very valuable raw material for the soap industry. Its charac- 
teristics and the characteristics of a soap produced from the fat depend on 
the degree of saturation obtained by the hydrogenation process. 

The effect of hydrogenation with a good selective catalyst is shown in 
Fig, XVI-1.° 

An oil with properties similar to cottonseed oil is kapok oil, which is 
rarely available as a raw material for soap manufacture. The oil is obtained 
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°8 G. S. Fisher, R. T. O’Connor, and F., G. Dollear, J. Am. Oil Chem. Soc., 24, 382-- 
387 (1947). 
59 A. E. Bailey, ed., Cottonseed and Cottonseed Products, Interscience, New York, 
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from the tropical tree Ceiba pentandra. The whole seed contains about 
20-25% oil, the kernels about 40%. 


(5) Corn Oil 


Corn oil, or maize oil, a semidrying oil, is obtained from the germ of 
the maize, Zea mays. It is produced principally in the United States and to a 
lesser extent in South Africa, Argentina, and Canada. Although the germ 
contains approximately 50% oil, the oil content on the whole seed is not more 
than 3-6.5%. This semidrying oil is more or less a by-product of starch and 
glucose manufacture.°° 

The production of corn oil is carried out somewhat differently from the 
usual methods for oil-bearing seeds. The corn, after cleaning, is placed in 
large tanks, where it is soaked with water containing sulfur dioxide (SO,). 
During this process, the hull is loosened from the kernel. The kernels are 
then run through attrition mills, which break away the germ from the kernel. 
The germ is then separated in a water tank, where the germ, owing to its oil 
content, floats on the surface and is skimmed off. Finally, before grinding 
and pressing (expelling), the germ is washed and dried. The crude oil, with 
a free fatty acid content of about 3%, is usually golden or dark yellow, and 
if freshly extracted has a distinct odor of corn meal (see Table XII-4). The 
refining process, if necessary, is along common lines. 

Saponification is accomplished easily with NaOH of 12-16° Be. The 
pure corn oil sodium soap is completely salted-out with NaOH of 7° Be or 
NaCl of 5° Be. The sodium soap, with regard to color, consistency and deter- 
gent property is very similar to soap from sunflower seed oil. The sodium 
soap is a yellow or light brown soap and rather soft. Thus, corn oil is seldom 
used alone for the production of soap bars, but, like sunflower seed oil, it may 
be used in combination with harder fat stock. For high-grade solid soap, it 
should not be used in amounts exceeding 10% of the fat charge. However, 
it is widely used for soft potash soap. The soap is similar in properties and 
color (a reddish tint) to that produced from soybean oil. Hydrogenated corn 
oil yields a valuable raw material even for higher grades of hard soaps. 


(6) Sesame Seed Oil 


This oil belongs to the class of semidrying oils. It is the oil of the plant 
Sesamum indicum and is produced chiefly in the Middle East, some parts 
of Africa, China, and India. The seeds, varying in color from white to yel- 
low, brown, and black, contain 50-57% oil and are usually extracted by 
pressing. It is a high-grade edible oil, but some of the lower grades and the 


60 M. M. Durkee, Food Inds., 3, 251 (1931). 
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soapstock fatty acids are finding their way into the soap pans. The crude 
sesame oil varies in color from amber to yellow and refines to a pale yellow.** 
“Sesame oil is relatively high in unsaponifiable substances, but these consist 
largely of sterols and other substances which are not removable by refining. 
It is relatively low in other nonoil materials. The unsaponifiable fraction of 
sesame oil contains a class of substances, sesamin, sesamolin, etc., which 
give distinctive color reactions . . . , hence, sesame oil is readily detected 
even in small amounts in other oils, even after hydrogenation. The unusual 
stability of sesame oil is possibly attributable to the antioxidant effect of 
some of the same substances.” For characteristics of the oil, see Table 
XII-4. 

For the soap industry, sesame oil may be used in combination with other 
fats and oils mainly for the production of household soaps. At a time when 
“mottled” soaps were produced on a larger scale than today, sesame oil was 
used in combination with olive oil for the production of “mottled” household 
soap of the Marseilles type. Sesame oil alone gives a grey to yellow soap 
which is not soft but plastic in texture. It is not difficult to saponify and the 
soap may be finished on niger. The soap is completely salted-out with a 
NaOH lye of 8° Bé or by a 5.5° Bé brine solution. For the production of 
soft potash soap, sesame oil is very suitable; it gives a light brown, trans- 
parent soap which is highly resistant to temperature changes. 


(7) Rape Seed Oil (Colza Oil) 


This oil, a semidrying oil, derives from the seeds of Brassica rapa and 
similar related species. The seeds are grown extensively in Europe and Asia 
and yield between 30 and 45% oil when extracted by pressure or by a solvent 
process. The crude oil is dark in color, yellow or amber, and refines to a 
yellow oil. The crude oil contains considerable quantities of phosphatides 
and other impurities. The refined oil has a characteristic pungent, mustard- 
like odor, which is removed by deodorization. However. deodorized rape- 
seed oil is somewhat inclined to revert in flavor and acquire an unpleasant 
taste different from that of the undeodorized oil. Refined or otherwise proc- 
essed rapeseed oil is often called colza oil. It is not a high-grade edible oil, 
and for this reason is widely used--especially in Europe—in combination 
with other fats and oils for the production of common household soap (see 
Table XII-4). 

It is very difficult to saponify the oil with dilute lyes, since the soaps are 
very sensitive to electrolyte. The soap is salted out with NaOH of 5.5° Be 
or brine (NaCl) solution of 3.5° Bé. It is thus practically impossible to pu- 

6. A. E. Bailey, Industrial Oil and Fat Products, 2nd ed., Interscience, New York, 
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rify the soap by finishing on “niger.” On the other hand, rape oil produced 
on spent lye is brittle and crumbles between the fingers. For this reason, it 
is possible to use rape oil only in combination with other fats and oils. The 
soft potash soaps produced purely from rape oil are not resistant to tem- 
perature changes. Thus, for soft soaps as well, rape oil may be used only 
with other oils. 


(8) Peanut (Arachis, Ground Nut) Oil 


This very valuable oil for the soapmaker is also a high-grade edible oil. 
The lower grades or the fatty acids from the soapstock are usually used in the 
soap industry. The oil—a nondrying oil—is derived from the seeds of the 
legume Arachis hypogaea with its different varieties. 

Peanuts are grown 1n practically all parts of Asia, some parts of Africa, 
in the United States, and in Spain. Shelled peanuts contain about 45-50% 
oil, which is usually extracted by means of expellers or hydraulic presses. 
Solvent extraction is rarely used. Commercial grades of crude oils vary ac- 
cording to the care taken in extracting the oil and the quality of the peanuts 
themselves, from light yellow to a reddish or even dark brown color. The oil 
is filtered and allowed to stand in tanks until the foots have settled. Peanut 
oils will rapidly become rancid, as will other oils, when brought into contact 
with other rancid oil or fermented foots. The crude oil is refined by the 
usual methods, The fatty acids of the soapstock are used for soap production, 
but for high-grade toilet soaps even refined, but usually not deodorized, oil is 
used. Crude peanut oil finds its way into the soap pan as well (see Table 
XTI-4). 

Saponification of peanut oil is easy, especially if a certain amount of free 
fatty acids (2-6%) is present. The concentration of the caustic lye used may 
be as high as 15-18° Bé. The soap is completely salted-out with NaOH of 
7.5° Bé or NaCl of 5.5° Bé. Soap from peanut oil is relatively hard if 
grained-out on spent lye, but rather soft when produced on niger. Thus, 
peanut oil is usually saponified in combination with other fats and oils; a 
combination of 50% peanut oil with 25% tallow and 25% coconut (or palm 
kernel) oil gives a very good household chip soap of excellent solubility char- 
acteristics. For toilet soap, lower percentages of peanut oil and combina- 
tions with tallow and coconut or palm kernel oil are advisable. In the pro- 
duction of soft potash soaps, peanut oil is especially suited for the so-called 
“fiszed” soft soaps or “silver” soaps (see Chapter XIX). The reason for 
this is the high percentage of high melting fatty acids present in the oil. The 
potassium soaps from these higher melting fatty acids crystallize on standing. 

Mention must be made of the fact that hardened peanut oil is an impor- 
tant raw material not only for the edible fat industry but for the soap indus- 
try as well. 
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(9) Almond Oil 


This is an oil with similar properties to peanut oil. Almond oil is usually 
too high priced to be used for the production of common soap. But for the 
production of very high-grade toilet soaps or medicated soaps, almond oil 
finds its use in the soap industry. It is easily saponified even by the “cold 
method.” For characteristics of almond oil see Table XII-4. The sodium 
soap has excellent forming qualities and is very mild in its effect on the skin 
(see Chapter XXXII). 


(10) Olive Oil 


A nondrying oil, olive oil is obtained from the fruit of the tree Olea euro- 
pea, of which about 300 varieties are known. The oil content of the fruit 
varies from 15 to 40%. The American olives usually contain about 30% oil. 
The higher grades of olive oils are mainly used for edible purposes. The 
tresh extracted oils are even used unrefined. Crude oils of lower quality with 
high percentage of free fatty acids, the “foots,” and the “sulfur oils” are used 
in the soap industry. The soapstock fatty acids of refined olive oils are also 
raw materials for the soap industry. (For characteristics of pure olive oil, 
see Table X1I-4.) For high-grade toilet soaps or special medical soaps, even 
the refined olive oils are used, but the huile vierge (virgin oil), the unrefined 
cold-pressed olive oil, is practically never used in the industry. Some char- 
acteristics of olive oil foots which are often used for soap manufacture are 
given in Table XVI-2, Standards of the American Oil Chemists’ Society 
(A.0.C.S.), in comparison with edible olive oil. 


TABLE XVI-2 

Characteristic Edible oil Olive oil foots 
Specific gravity at 25/25°C. . 0.909-0.915 
Todine value* 80-88 77-90 
Saponification value 188-196 186-196 
Titer, °C, . 17-26 16-26 
Unsaponifiable matter, % ou Not over 1.4 Not over 2.3 
Free fatty acids, % _ = Ps z Not over 1.5 -- 


* Minimum L.V. for California oils shall be 79. Maximum IV. for African and Dal- 
matian oils shall be 92. 


> Olive oil foots shall contain not over 3% moisture and insoluble impurities, and 
not over 0.20% ash. 


Sulphur oils are dark in color and contain a high percentage of free fatty 
acids, up to 55%, some water, up to 2%, and 3-6% hydroxy fatty acids.® 
These hydroxy fatty acids give soaps which cannot be salted-out and which 
drag out soaps of nonhydroxy fatty acids into the spent lye as well. Thus, 

62. Manzella, Z. Oel- u. Fettind., 40, 393 (1920). 
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not only are the hydroxy fatty acids a total loss in the production of a hard 
soap, but in addition there is a loss of a percentage of soaps of nonhydroxy 
fatty acids which are also lost in the spent lye. This occurs whenever oil and 
fats with a high percentage of hydroxy fatty acids are used for the production 
of hard soaps. In addition, these acids complicate the lye treatment pro- 
cedure for the recovery of glycerine and decrease yields there as well. 

Olive oil itself is easily saponifiable if it contains some free fatty acids; 
otherwise, it is rather difficult. The sodium soap is hard, and, depending on 
the color of the oil used, is white, yellow, green or dark green. The soap may 
be finished on niger, but may also be salted-out on spent lye (with NaOH of 
ca. 7.5° Bé, or NaCl of 5.5° Bé). In the first case a somewhat soft soap, and 
in the latter case a very hard and brittle soap, are obtained. Pure olive oil 
soaps are very mild on the skin and are on the market as special olive oil 
castile soaps, baby soaps, and medicated soaps. Pure olive oil soaps are also 
used as textile soaps, especially for silk and other sensitive fibers. Olive oil 
in combination with other oils and fats is used for practically all kinds of 
hard sodium soaps. Soft potash soaps from olive oil are used mainly for 
medical purposes (see Chapter XIX). 


(11) Olive Kernel Oil 


This oil is either expressed or solvent-extracted from the kernels, which 
usually contain ca. 25-28% of oil. The oil is of yellow color and has a 
sweet taste resembling almond oil. Olive kernel oil may be used for soap 
manufacture either crude or refined. It is seldom used in percentages higher 
than 20% of the fat stock. The soaps of olive kernel oil have properties 
somewhat similar to those of the soaps from the olive oil itself (see Table 
XII-4). 


(12) Castor Oil 


Castor oil is otbained from the seeds of the plant Ricinus communis from 
either cultivated or wild plants growing mainly in tropical or subtropical 
countries (India, China, Manchuria, Mexico, and Brazil), but also to some 
extent in Southern Europe, Italy, and Southern France). Castor beans are 
also grown in different parts of the United States. The oil content of the 
castor bean varies between 35 and 55%, the average oil content being around 
45%. The oil is extracted either unheated by pressure in hydraulic presses 
or by solvent extraction. The color of the oil varies from nearly colorless to 
yellow green; darker grades are rarely on the market (see Table XII-4). 
The oil is a nondrying oil which contains about 80% of the hydroxy fatty 
acid (ricinoleic acid, Table XII-3). Castor oil is distinguished from other 
oils by its high acetyl or hydroxyl value, and from other oils of comparable 
iodine value by its specific gravity. Unlike other oils it is miscible with al- 
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cohol, but is only slightly soluble in petroleum ether at room temperatures. 
It is much more viscous than other oils, and when completely hydrogenated 
has an abnormally high melting point (86-88°C.). This hydrogenated castor 
oil may be used for soap manufacture to raise the titer of the fatty acid mix- 
ture. A small percentage of hydrogenated castor oil will make a soap much 
harder. Castor oil itself is practically never used alone for the production of 
soap. The sodium soap is white, very hard, and transparent. This quality of 
castor oil soap is used when producing transparent soaps (see Ch. XXI-2). 
Pure castor oil soap cannot be salted-out with any practical concentration of 
salt or lye. Besides it has poor foaming qualities. But the presence of the 
hydroxy fatty acids makes it a valuable starter to accelerate saponification, 
especially during the cold saponification process. 

Castor oil soaps dissolved in large amounts of water dissociate to a lesser 
degree when compared with other vegetable oil soaps. In a fat stock for a 
common soap, not more than 10% castor oil should usually be used, and, 
even in this case, a smaller amount of coconut or palm kernel oil should be 
used to compensate for the greater solubility in electrolyte. 

According to Kranich,®* castor oil is an excellent raw material to blend 
with coconut oil for the production of liquid shampoos and hand soaps, and 
may be used in amounts up to 25% without materially affecting the copious 
lather of straight coconut oil products. The addition of castor oil in this 
type of soaps markedly improves the rinsability of the finished products, and 
at the same time reduces to a marked degree the “bite,” which has brought 
criticism to coconut oil shampoos and liquid toilet soap for soap dispensers 
in the past (see Chapter XXXIJ). Since it is a very easily saponified oil, it 
assists commensurably in the saponification, when blended, of other vegetable 
oils and fats, while a proper alkaline balance is obtained more readily in the 
finishing of soaps. 

Castor oil may be used for a soft potash soap, but generally only in com- 
bination with other oils. The use of castor oil in the past by the manufac- 
turer of potash soaps was not as widespread as the use of linseed oil because 
of its relatively high solubility as a soap. Potash soaps made from a blend of 
20% castor oil with other vegetable oils have their lathering and solubility 
properties greatly improved in cold or tepid water.°* 

Pure potassium soap from castor oil may be produced by the cold method, 
in which saponification occurs very rapidly because of the emulsifying prop- 
erties of the oil owing to the presence of hydroxyl groups in the triglyceride 
molecule and to the high viscosity of the oil. This soap, in percentages of 
0.5-2%, is a valuable addition to soap flakes or toilet soaps during the mill- 
ing process to impart a certain degree of plasticity and to minimize the danger 


of “cracking” of the soap cake (see Chapter XXIV-3). 
63H. Kranich, Soap, 20, 27-28 (March, 1944). 
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(13) Vegetable Fats of the Bassia Group and Similar Vegetable Fats 


The chief representatives of this group of fats are cocoa butter, Mowrah 
or Illipé fat, Borneo butter, Shea butter, and Chinese vegetable butter. They 
are becoming less and less important as a raw material for soap (see Table 
XII-1). Cocoa butter forms the fat base for high-grade dentifrice soaps 
and for the soap base of tooth pastes. 

Illipé, Mowrah, and the other fats are used from time to time as replace- 
ments for palm oil and to a lesser degree for palm kernel oil. It is important 
to analyze the fat to make sure that it does not contain too much unsaponifi- 
able matter. In this case the percentage of the fat in the fat mixture (these 
fats are practically never used alone) must be lowered. The fats are easily 
saponifiable with NaOH of 10-12° Bé. The soaps are hard but have poor 
detergent and foam qualities. The soaps may be salted-out on spent lye 
with NaOH of 6~-7° Bé or NaCl brines of 4-5.5° Bé strength. They may 
also be finished in niger. 


(14) Palm Oil 


Palm oil is obtained from the flesh of numerous varieties of the palm 
Elaeis guineensis, which grows wild in West Africa, but was later introduced 
and cultivated in the Dutch East Indies, Malaya, and to a small extent in 
other parts of East Asia, and Central and South America. The crude oil is 
red and the color is generally removed by oxidation with a current of air or 
by dichromate bleaching. The air-bleached oi] very often has the disagree- 
able property that the color reappears in the soap pan and a reddish soap is 
obtained. Thus, the careful soapmaker will make a test boil with palm oil 
on a small scale in order to see if the color reappears. It is now known that 
the red color of palm oil is due chiefly to the red carotene (provitamin A) 
it contains. This compound is a highly unsaturated hydrocarbon having the 
formula C,9H;.. The presence of other lipochromic compounds has been re- 
ported. 

If bleaching in air is properly done, the red color precipitates from the 
bleached fat on standing and can be removed.** A change may be observed 
during oxidation from the dark red color of the crude palm oil to a light yel- 
low, then to an intense yellow, a dirty yellow, and finally a dirty greenish 
yellow. After filtration of the precipitated pitchlike oxidation products, a 
good grade of palm oil having a light greenish color is obtained. According 
to our experience, filtration is not generally necessary. The color changes 
mentioned in the bleaching of palm oil are not always easily followed visu- 
ally, since the red color of the crude oil may appear to be unchanged for a 
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long time, then suddenly the color may be yellow to brownish yellow. The 
color change is usually accompanied by the evolution of fumes which are 
irritating to the eyes. After this, there is no point in carrying the oxidation 
further, since the lightest color possible has been reached. On further oxida- 
tion, unsaturated glycerides or fatty acids are sure to be attacked to form 
oxidized fatty acids. These hydroxy fatty acids have the disagreeable effect 
mentioned when dealing with the properties of soaps from sulfur olive oil 
(Ch. XVI-I, 10). The actual amount of colored material originally present 
is very small. The total amount of unsaponifiable matter, including the col- 
ored constituents, varies from 0.2 to 1.29%. Only a part is carotene. 

It is probable that other factors, such as the impurities present and bio- 
chemical processes, have a greater influence than carotene on the various 
oxidation phenomena which occur in palm oil. It must be pointed out that 
a high percentage of unsaturated fatty acids makes it difficult to bleach palm 
oil by oxidation with air; oxidation of the fat molecule itself gives rise to a 
higher percentage of hydroxy fatty acids and nonremovable dark color. The 
presence of a higher percentage of free fatty acids makes oxidation bleaching 
with air difficult as well. 

Refined palm oils for soap manufacture are very often bleached with 
adsorbents, so that the color remaining after air bleaching is actually re- 
moved (Ch. XJII-3, B) and does not reappear in the soap pan. Besides, no 
undesirable side reactions occur during adsorbent bleaching, as is very often 
the case during air bleaching. 

Some interesting observations were made by Better®* who demonstrated 
the relation of the peroxide value (see Ch. XXXVIII-14), to the actual 
bleaching effect of air. He demonstrated that the peroxide value rose from 7 
in the crude palm oil to 167, when the bleaching effect reached its optimum 
(light yellow) after about 7 hrs. at 110-115; then the oil became darker 
brownish green and the peroxide value began to fall, probably due to the 
formation of hydroxy fatty acids, etc. It is important to control the bleaching 
process by carefully observing the point of optimum bleaching effect coincid- 
ing with the highest peroxide value and then to stop the air current and to 
cool the oil as quickly as possible to about 60°C. Our recent observations 
during practical bleaching processes on a plant scale showed that sometimes a 
crude palm oil with an original peroxide value of 3 is bleached when reaching 
a peroxide value of 35 after 5 hours at 110°C. Beyond this point the oil be- 
came considerably darker and the peroxide value fell again to 3, but dark 
substances were formed as the decomposition products of pigments and of 
the peroxides under oxidation conditions. 

It is interesting to observe the fall of the peroxide value if an air-bleached 
crude palm oil is submitted to the usual oil refining process. For example, 
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after neutralizing the free fatty acids (12%), the peroxide value (P.V.) fell 
from 35 to 20. -After washing, the P.V. became 19. After bleaching with 
3% bleaching earth at 80°C. in vacuo, the P.V. became 12.5, and, after 4 
hours high vacuum deodorization at 140-150°C. with supreheated steam, 
the P.Y. finally became 1.5. 

The refined oil was practically tasteless, very light, and quite suitable for 
edible purposes; and, of course it had excellent properties as a soap oil. It is 
interesting that, when a soap was produced by the cold method from the 
bleached oil with a peroxide value 35 (Ch. XXXVIII-14), the fatty acids split 
off from this soap still showed a peroxide value of 6.5 and the fatty acids from 
the crude oil soap showed a value of only 1.0. 

It is usually advisable to bleach crude palm oil before using it for soap 
boiling and not to depend on bleaching the formed soap. Only in cases 
where the orange color of crude palm oil is considered as desirable, e.g., 
“figeed” soft soap of the darker grades, yellow laundry and household soaps, 
should the crude oil be used. It was observed that soap cakes from palm oil 
showing the characteristic orange color were bleached to a faint yellow after 
exposure to the sunlight (5 days). The bleaching reached a layer of about 
1 cm.; the soap below this layer was still strongly colored. 

Palm oil is easily saponified. It is possible to produce good soap from 
palm oil alone, but a certain amount of coconut oil or palm kernel oil is ad- 
visable. The saponification is started with a NaOH solution of 10-15° Be 
and finished with even stronger lyes. The soap, completely salted-out (NaOH 
7.5° Bé or NaCl 5° Bé) is hard and brittle, but finished on niger it is plastic 
and still hard enough to form a soap cake of good consistency. In many 
respects palm oil soaps are similar to tallow soaps, but their detergency 
reaches a maximum value at a lower temperature of use. In combination 
with other fats and oils, palm oil may be used for the production of practi- 
cally all kinds of hard sodium soaps. Potash soaps from palm oil are semi- 
hard and are used in the textile industry. Soaps from palm oil have an 
agreeable smell reminiscent of fresh hay. 


(15) Coconut Oil, Palm Kernel Oil, Babassu Kernel Oil, 
Ucuhuba Butier, Murumuru Palm Kernel Oil 


The two main representatives of this group of vegetable fats are coconut 
oil and palm kernel oil. Coconut oil is obtained from the kernels of the 
nuts of the palm Cocos nucifera, which grows along the coasts of Ceylon, Java, 
Sumatra, the Philippines, South Sea Islands, and East and West Africa. 

The next important oil of this group is palm kernel oil, obtained from the 
kernels of the same fruit from which flesh palm oil is obtained. The oil con- 
tent of the kernels ranges from 49 to 53%, which is obtained either by pres- 
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sure or by solvent extraction. Characteristics of coconut, palm kernel, and 
the other oils are given in Table XII-4. 

It is important to mention that murumuru oil produced in South America 
has found more and more use in the United States as a raw material for 
soaps. Palm kernel oil, and the other oils mentioned, belong to the group 
of fats with a high percentage of low molecular fatty acids which form quick 
lathering soaps. They are thus practically indispensable, if a hard soap with 
good properties in every respect is to be produced. 

Coconut, palm kernel, and the other oils in this group are each saponified 
with strong lyes (NaOH of ca. 38° Bé) by the cold method. If they are 
saponified by boiling with lye, lower concentrations (e.g., 15° Be) are suit- 
able. The soaps of palm kernel oil can be salted-out only with very highly 
concentrated salt solutions (19° Bé NaOH or 16.6° Be NaCl solutions). Co- 
conut oil soap is salted-out with electrolyte solutions of even higher concentra- 
tions (NaOH 24° Bé or NaCl ca. 20° Bé). The soaps from these oils are very 
hard even if the soaps were produced by the cold method, where the glycerine 
remains in the soap. ‘They have excellent foaming qualities, but the soaps 
produced from fats of this group alone have a certain rough effect on the 
skin (see Ch. XXXII). As the soaps are only salted-out with high concen- 
trated solutions of sodium chloride, they may be filled to a large extent with 
common salt to give soaps with a very high yield (500% and more). For 
this reason, the soaps of this group of fais have foaming and detergent 
qualities even in sea water. 

Generally speaking, coconut oil, among the whole group of low molecular 
fats, is the most valuable fat raw material for the soapmaker. In soft potash 
soaps a certain amount of coconut or palm kernel oil may be used especially 
for “silver” soaps to enhance foaming properties. For the production of 
liquid soaps. shampoos, etc., the fats of this group, especially coconut oil, are 
indispensable, but as already mentioned pure coconut oil soaps have a certain 
“bite” on the skin. A certain amount of other oils—especially castor oil— 
compensates for this effect to a large extent. Coconut oils from the refining 
by-products of the edible coconut oil industry, soapstock, etc., usually show 
a higher iodine value, which means that they have a higher percentage of 
unsaturated fatty acids. According to Wittka,®* this is because the coconut 
contains two slightly different kinds of oils: one the common coconut oil from 
the flesh of the nut and the other from the thin brown layer which covers the 
kernel, The latter oil has a higher iodine value (about 39) and is more sub- 
ject to splitting. The fatty acids of the soapstock have a higher percentage 
of the fatty acids of this oil. Thus, coconut fatty acids of the soapstock usu- 
ally have a higher iodine value than the fatty acids of the refined oil; they 
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may be used for the production of common household soap, but should be 
used only in small percentages for high-grade toilet soaps. 

Soaps from palm kernel oil have a somewhat darker color than those from 
coconut oil; perfumes in soaps of palm kernel oil are very often not as per- 
sistent as in coconut oil soaps. Although this fact is still not explained, 
Wittka makes the easily oxidizable unsaponifiable matter responsible for this 
disadvantage. 

It is not accidental that the chapter on this group of fats with a high per- 
centage of low molecular fatty acids is relatively short. These fats are so 
important that they are dealt with in practically every chapter on the actual 
soap manufacturing processes, so that it would be an unnecessary repetition if 
more details were given in this introductory part on fat raw materials. 


(ID ANIMAL OILS AND FATS 
(1) Lard and Related Fats 


Lard is obtained by rendering the fat tissues of pigs. The highest grades 
are used mainly for edible purposes: the lower, inedible grades are finding 
their way into the soap pan. Lard obtained from the kidneys and back by 
treatment with water in autoclaves at temperatures above 100°C., is termed 
“leaf lard.” The next grade, “choice lard,” is obtained when the hot render- 
ing process is carried out by agitating in open kettles and heating with indi- 
rect steam. A still lower grade of edible lard, “prime steam lard,” results 
from autoclaving the fatty tissues of other parts of the pig than the kidney 
and back, with the exception of other intestinal organs. In the United States, 
most modern plants manufacture only prime steam lard, and comparatively 
small amounts of leaf lard. White but inedible lard is often termed “white 
grease” and is quite similar to lard though it may have a free fatty acid con- 
tent up to 12%. 

The various lards thus produced vary in consistency and composition ac- 
cording to the part of the animal from which they emanate. Lard oil and 
lard stearine are prepared by chilling slightly and pressing. These products 
are also used in the soap industry; lard stearine especially is a valuable raw 
material for high-grade toilet soaps. Furthermore, the intestines and other 
parts of the animals which do not yield edible lard are separately rendered 
in autoclave digesters and give yellow or brown grease having a free fatty 
acid content of 12-25% or higher. Low-grade stocks are also frequently 
designated collectively as “rendered pork fat.” It is evident that the lower 
grade of pork fat can be used only for lower grade soaps. The higher grades 
of lard are valuable raw materials for high-grade toilet soaps. Lard is not 
easily saponified. Only dilute lyes of 7-9° Bé can be used to start saponifica- 
tion, the process being finished with more concentrated lyes of 12-16 Bé. 

Lard soap finished on niger is somewhat softer than the very hard lard 
soap grained-out on spent lye. It is completely salted-out at boiling tem- 
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peratures with NaOH of 8° Bé. The soap is not readily soluble in water, but 
it has a good toam and is an asset in every fatstock for soap. Lard in com- 
bination with coconut oil gives a fine toilet soap of good quality. The potas- 
sium soaps are semi-solid and opaque. 


(2) Beef and Mutton Tallow 


These fats are obtained from the tissues of beef or mutton, respectively, 
by different methods of hot rendering. The same principle applies here as 
in the case of lard: the higher the temperature of rendering, the lower the 
grade of the fat obtained. “Only a minor proportion of the total tallow pro- 
duction consists of an edible fat. Inedible tallows are marketed in a large 
number of different grades, according to their color, free fatty acid content, 
and content of moisture, insoluble impurities, and unsaponifiable matter. . . . 
Edible tallow is classed as such because it is derived from edible materials, 
rather than because it conforms to definite standards of color, acidity, etc. 
However, edible tallow generally has a light color, similar to that of lard, 
and a free acid content of less than 1%. The better grades of inedible tallow 
do not have a free fatty acid content of more than 2-3%, but they are much 
darker in color than edible tallow. They are bleached without difficulty,” 
and the better grades may generally be bleached as light as edible tallow by 
processing. “The poorer grades of inedible tallow are extremely dark in 
color, and may contain free fatty acids to the extent of 40% or more.”®" 

The characteristics of different grades of tallow®’ show clearly that only 
the lighter grades of tallow are advisable for a high-grade soap. However, 
the lower grades are a valuable raw material for common household soaps. 
It must be pointed out that a high percentage of hydroxy fatty acids in tal- 
low (more than 3%) has great disadvantages for the soap-boiling process. 
Besides the actual loss of soap (see Chapter XXXIX-8, D), fats containing 
hydroxy fatty acids lower the keeping quality of soap. 

Highly rancid tallows have a strong odor. Very often it is possible to de- 
odorize tallow in the soap pan by boiling for some hours with live steam 
(Chap. XHI-4). But as a rule light, nonrancid tallow is necessary when pro- 
ducing a high-grade toilet soap. Even soaps from rancid tallow which was 
pretreated before coming into the soap pan often show low keeping quality 
and have a “tallowy” odor. Such soaps are difficult to perfume. 

Tallows pretreated with oxidizing bleaching agents are to be used with 
special precautions. Here the danger of high hydroxy fatty acid content is 
very great and reversal of color of ithe finished soap is very often observed. 
When questionable rendering methods are suspected, the amount of hydroxy 
fatty acids should always be determined (Chap. XXXIX-8, D). In order to 
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ascertain the quality of a tallow, under these circumstances, this lest is even 
more important for quality termination than is the amount of the free fatty 
acid. For characteristics of tallow, see Table XII-5. 

Saponification of tallow is started with dilute lyes of 8-11° Be and fin- 
ished with more concentrated lyes. Tallow soap is very thick and difficult to 
move even with live steam in the pan. li is generaily saponified in combina- 
tion with the other fat stocks. Pure tallow soap is completely salted-out with 
NaOH of 7.5° Bé or with NaCl solution of 5° Be. The soap is very hard and 
does not dissolve readily in water and has poor foaming qualities in cold 
water. In hot water, its foaming properties and detergency are unexcelled 
and the pure soap finds wide use in commercial laundries. In combination 
with soaps of quick lathering fats, it gives a thick homogeneous foam, with 
excellent warm water detergency power, ideal for toilet bar use. It is by far 
the most universally used raw material in the soap kettle. In the United 
States, approximately 80% of all fat stocks used for soap are tallow. 

Tallow may also be used for the production of “hard potassium soaps,” 
which are used in the textile industry and for the production of silver and 


“figged” soft soap. 
(3) Some Less Important Animal Fais and Oils 


(a) Horse fat (see Table XII-5) has properties similar to lard, and is 
used from time to time as a substitute for the production of soap. 

(6) Greases of different origin which may not necessarily be obtained 
from hog fat are also used in the soap industry. These include: tankage 
grease, a low-grade product extracted from animal wastes; house grease, 
which is the waste cooking fat from restaurants and hotels; and garbage 
grease” (see Ch. XIJ-2), which is recovered from city garbage. “Low-grade 
fats in the grease class are obtained in relatively small amounts from various 
other sources, such as the degreasing of hides for the manufacture of patent 
leather and leather upholstery, the disposition of spent tinning and terne 
plating oils, etc.” 

War conditions and fat shortages after the war have made it a necessity 
to look for every possible source of fat raw material. At the 110th meeting 
of the American Chemical Society (Fall 1946, Chicago) Buch*® presented 
a paper about the possible uses of garbage as a fat source. Calculated on 
various Los Angeles examples, the dry solids (containing the potential value 
of garbage) contain 14.2-23% of protein, 33.8-41% of carbohydrates, 17.1- 
22% of fat, 8.49-12% of fiber, and 11.6-17.6% of ash. 

Experiments were also made with grease extracted from garbage, dehy- 
drated daily and before spoilage could occur, in a number of institutions 
where large numbers of people are fed. The grease yield was suitable for 
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soapmaking or for fat-splitting operations, and the oil cake meal was a useful 
component of mixed cattle feeds. 

Grease produced from spoiled garbage is poorer in quality than that 
extracted from freshly dried garbage. 

These greases and also fats from fallen animals are used only for very 
low-grade soaps, but may be split into fatty acids and glycerine. The distilled 
fatty acids may then form a valuable raw material for soap. Technical fatty 
acids must be used for soapboiling according to their characteristics. They 
may replace oils and fats which correspond most closely in their composition. 

(c) Neatsfoot Oil, obtained from the feet of cattle, is relatively seldom 
used in the soap industry. It is a light-colored oil with a low free fatty acid 
content and a high percentage of unsaturated fatty acids (for characteristic, 
see Table XIJ-5). Neatsfoot oil may replace to a certain extent some of the 
nondrying vegetable oils such as olive oil in a fatstock for soap. 

(d) Bone Fat (Bone Grease) is more important for the soap industry. 
This grease is also obtained from the feet of cattle as a by-product of glue 
manufacture. It is used for the lower grades of soap. It may contain lime 
soaps as impurities which make it rather unsuitable for soap manufacture. 
Usually, bone fats sold to the soap industry are pretreated with acids and/or 
bleaching agents in order to remove the lime soaps and to improve the color 
of the fat. In any case a determination of the ash will show if the amount of 
inorganic impurities is too high. (It should be no more than 2%.) A good 
grade of bone fat should contain not more than ]-2% water and 2-3% unsa- 
ponifiable matter. Even the refined grades have an unpleasant odor, but 
may be yellow in color (see Table XII-5). To a certain extent bone fat may 
replace tallow in lower grade soaps, especially if rosin is used in the fatstock, 
and for the manufacture of silver or “figged” soft soaps. 


(il) MARINE ANIMAL OILS 


The fish oils contain extra long-chain fatty acids, including C.. and Cy» 
acids, which are in the main highly unsaturated and subject.to rapid oxida- 
tion and rancidity. However, the soaps from these acids have good solu- 
bility, but lack detergent power, discolor, and have a fishy odor. There- 
fore, raw marine oil is not a suitable material for making any but the 
very lowest grades of soap. But if the oils are partially hydrogenated, say to 
an iodine value of 65-75 (below that for oleic acid), the great proportion of 
these highly unsaturated acids will have been converted to stable C.o, Co», 
and C,, saturated acids or to isooleic acids; the latter are not subject to such 
rapid decomposition and rancidity. The product is a rather high-melting 
plastic fat material, quite suitable as a substitute for tallow in the pan charge 
if the following points are considered. (1) The proportion of long-chain 
saturated acids makes the soaps derived from them very much more insoluble 
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than those from tallow, so that the detergency is inferior to tallow soaps ex- 
cept at temperatures 10 to 20°C. above normal laundry operations. (2) 
The very presence of these long-chain acids improves the mildness effect on 
the skin due the decrease in ionization with increase in chain length. (3) 
The presence of isooleic acids, some of which will be solid, plus small amounts 
of the more highly unsaturated ones will tend to give a soap which may 
darken somewhat on aging and which may give a slight fishy odor to laun- 
dered goods when placed under the iron. If hydrogenation is not carried 
far enough, these characteristics will be enhanced. If hydrogenation is car- 
ried much beyond the point noted, stability is improved at the expense of 
detergency because of the conversion of isooleic acids to saturated ones. 
These iso acids are desirable, since they are good detergents in themselves. 
(4) The presence of considerable quantities of these long-chain saturated 
acids and solid isooleic acids decreases the ability of the soap to hold build- 
ers, such as sodium silicate, so that the addition of 10 or 20% hydrogenated 
fish oils in a bar soap formula may require careful adjustment of the crutcher 
formula to avoid cracking, wet spots, etc., in bar soap. Nevertheless, fish oil 
is a satisfactory raw material for soap use when it is available. In the 
United States at the present time, fish oils do not play as important a role in 
soapmaking as they did in the 1930’s. The reasons for this are the limited 
availability due to war and postwar conditions and the increased value of 
these materials through new processing methods which makes them com- 
petitors of the drying oils for many operations. One type of processing, for 
example, which decreases the unsaturation and stabilizes the oil against ran- 
cidity is heat polymerization, as noted by Brocklesby.”° 

The effect of polymerization on the detergency of the soaps is to decrease 
the detergent value of soaps produced from such an oil as compared with 
the raw oil, but there appears to be little difference in value as the polymeriza- 
tion is continued from 4 to 24 hours. The indications of this work are that 
soaps can be produced which have satisfactory detergent powers for ordinary 
use, either by hydrogenation alone or by polymerization followed by hy- 
drogenation. The highly unsaturated acids that cause the recurrence of 
fishy odor in soaps are removed by these processes by saturating the double 
bonds. 

Another important development is the use of fat-splitting processes, and 
distillation of fatty acids (see Ch. XIV-1, 2) to produce marine oil fatty acids 
of high quality for the soap industry. Here, what was pointed out in con- 
nection with distilled fatty acids from different greases also applies: the fatty 
acids must be analyzed to ascertain their characteristics and they may then be 
used to replace in the fatstock those fats and oils to which the characteristics 
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most closely correspond. The characteristics of some marine animal oils 
suitable for soap manufacture are given in Table XIT-5. 


(IV) RAW MATERIAL FROM WOOD 
(1) Rosin 


A very important raw material for soap manufacture is rosin. This ma- 
terial is in fact not a fat or an oil, nor a genuine fatty acid in the chemical 
sense, but for the soap industry it may be dealt with as a fatty acid. Rosin is 
composed of about 90% rosin acids and 10% nonacids. The latter consists 
of hydrocarbons, high-moleular secondary alcohols, and esters. The acid 
portion consists of abietic, l-pimaric, d-pimaric, and other rosin acids of un- 
certain structure and properties. Contrary to general belief, abietic acid rep- 
resents only a portion of the total acids in rosin, and may be present in any 
given sample from 0 to about 35%, depending upon the history of the rosin. 
To give an idea of the complexity of the main constituents of rosin several 
proposed structural formulas for two main constituents are presented.”* In 
contrast to fatty acids, these acids have an aromatic (ring) structure, whereas 
the fatty acids have an aliphatic (chain) structure, 
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Rosin is contained in the exudation of the Pinus species, which includes: 
P. palustris, P. maritima, P. pinaster, P. laricio, and P. taeda. The first men- 
tioned is the source of American rosin, and the second provides the French 
grade. Resins from P. insularis, P. caribaea, P. insignis, P. pithyusa, and P. 
sylvestris have been examined... Apart from America and France, rosin is 
obtained from Spain, Portugal, Greece, China, and Mexico. 

The oleoresin is collected in open cups, which are emptied from time to 
time. It may be contaminated with wood chips, bark, leaves, dust, insects, 
and rain water.”7 When the oleoresin is first exuded, it is a clear viscous 
solution of rosin in turpentine. Due to subsequent crystallization and loss of 
volatile constituents the product collected becomes opaque and very viscous. 
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Smith’ estimates that as much as 8% of water may also be present. About 
75% of the oleoresin is rosin. This is obtained by subjecting the oleoresin 
to distillation. The raw oleoresin may be purified before distillation by 
skimming from the surface of the molten oleoresin the lighter material, such 
as bark and wood chips, which float on the surface of the molten rosin. As 
already pointed out, the oleoresin consists of rosin in turpentine; the latter is 
distilled off with the assistance of steam, sometimes under vacuum. The 
rosin from living trees is called gum rosin. The rosin thus obtained still con- 
tains impurities and may be strained at elevated temperature (about 150°C.) 
through sieves and cotton batting to remove solid impurities. Other methods 
of cleansing rosin from dirt consist in dissolving the rosin in a solvent, filter- 
ing the solution, and distilling off the solvent.** Rosin may be extracted from 
raw wood by solvent extraction; the rosin obtained from the stumps or top 
wood of the pine tree is called wood rosin. Usually, the solvent used is naph- 
tha, but water-miscible aliphatic solvents are also used in some special pat- 
ented processes. The miscella is recovered from the wood residue and 
evaporated. ; 

Many methods have been proposed for refining rosin. One process uses 
bleaching earth to bleach a solution of rosin in a solvent; another uses a 
kind of selective solvent process with naphtha and furfural as the sclective 
agents (U.S. Patent 2,094,503). Chemical purification is also used in some 
processes (e.g., hydroxyalkylamine, according to U. S. Patent 1,995,600). A 
hydrocarbon solution of rosin is washed with a hydroxyalkylamine. Al- 
kylamine hydroxyabietate is precipitated and the rosin is obtained from the 
clear solution by evaporation. According to U. S. Patent 1,957,788, rosin is 
treated with a halogen at 150-350°C. 

An important step was to refine rosin by catalytic hydrogenation with 
hydrogen. Staybelite (Hercules Powder Company), produced by one of 
these patented processes (U. S. Patent 2,113,808), is a very important raw 
material for the soap industry. This process—the Humphrey process—works 
under hydrogen pressure of 200-15,000 p.s.i. and at a temperature of 275— 
325°C, in the presence of an active base metal catalyst for a period ranging 
from 12 minutes to 3 hours. By this method the rosin may be saturated to at 
least 50% with hydrogen.” 

Grades of rosin vary considerably in color. Standards issued by the U. S. 
Department of Agriculture are designated by letters. Thus, the darkest 
grades occur in the range from A to F, with the palest grades from N to X. 
A good series for adoption as color standards would include samples of D, E, 
F, G, H, I, K, M, N, WG, and WW, which last is sometimes described as 
water-white grade. Sometimes, rosin is sold under the designation “EP.” 


73 Smith, Ind. Eng. Chem., 28, 408 (1936). 
74. W. Chatfield, Varnish Constituents, Interscience, New York, 1944, pp. 76-77. 


75 Roger’s Manual of Industrial Chemistry, 6th ed., C. C. Furnas, ed., Van Nostrand, 
New York, 1942, p. 695. 
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TABLE XVI-3 
TypicaL ANALysIs oF Rostns76 


Dehydro- 


Regular Hydro- genated Polymer. 


Property G genated@ (dispropor- ized¢ 
Wood tionated)® 

Acid number - z. arene ot eee 166 162 160 150 
Saponification number : : 172 167 170 160 
Unsaponitiable matter 6.0% 9.0% 8.0% 7.0% 
Softening point (Hercules drop method) _ 181°F. 68°F) W77°F. 214°F, 
Abietic-type acid content < Bey BOSeo 3% Nil 
Density a a 1.067 1.045 1.070 1.073 
Color-—U. S. rosin standard ere AWG: X+ X+ WG-WW 
Oxygen absorption i in 170 hrs. at 300. p.s.i. oxygen 

pressure and 25°C. _.. 3 SEIS Nil 0.06 Yo 0.8 


* Staybelite grade. » Resin 731 grade. ¢ Poly-pale grade. 


In the French system of grading the letter “A” is included in the descrip- 
tion. Thus, the greater the number of A’s used, the paler the grades. The 
chemical and physical properties of some typical rosins are outlined in 
Tables XVI-3 and -4."° Their theoretical soap yields are shown in Table 
XVI-5.7 


TABLE XVI-4 


Titer oF Fatty Acips-Rosin Mixturers*® 


Taree Titer 
iixture values, “C, 
White tallow fatty acids alone — a 45.5 
White tallow fatty acids with poly-pale (WG wood). resin (50-50) : 38.8 
White tallow fatty acids with K wood rosin (50-50} = ~ 34.2 
TABLE XVI-5 
THEGRETICAL Soap YIELDS?¢ 
Lhs. soap per 
100 Ibs. soapstock 
Soapstocks used ~~. = SSS 
A (an B (with 
hydrous) 31% water)« 
White tallow — : 103.5 150.2 
Brownleta ll owen ee 104.4 151.3 
Coconut oil ‘ 104.4 S518} 
“White base’! 2 103.7 150.3 
“Brown base’? J s. 104.4 151.3 
N wood rosin 105.4 152.7 
H gum rosin : 105.4 152.7 
N gum rosin —_— 105.1 isp} 
Hydrogenated Staybelite eed: Syl ttcen se fo 104.9 152.0 


2 Water content of a commercial laundry soap. 
>75% white tallow, 25% Cochin coconut oil. 
°75% brown tallow, 25% Cochin coconut oil. 


78 Rosin: Its Place in Soap, Hercules Powder Co., Wilmington, 1943. 
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Pure sodium soaps from rosin are somewhat soft and sticky and, depend- 
ing on the color of the rosin, either yellow or brown. The soaps are easily 
soluble and are quick lathering. They are completely salted-out (at boiling 
temperature) with NaOH of 9° Bé or NaCl of 7° Be. Rosin is practically 
never used alone, in combination with other fats; however, it is a very valu- 
able raw material for household and even light-colored toilet soap as well as 
for soft soaps, especially textile soaps. The pure potash soaps from rosin are 
somewhat soft, but have excellent lathering and detergent properties. Thus, 
also for soft potash soap, rosin is used in combination with other fats and oils. 

During World War II and even after the war the problem of replacement 
of coconut oil became very important. Here, rosin plays an important role."® 
Comparison of sodium rosinate with the soaps of individual fatty acids indi- 
cated that sodium rosinate resembles sodium Jaurate more than the soaps of 


TABLE XVI-6 


Laruer Stasitity? or Soars Containine 25% Rosin or Moopirtep Rosin, 
36% Moisture Basis, TEMPERATURE 120°F.80 


Height of lather, mm. 


In soft water In hard watere 

Imme- After Imme- After 

diate 15 min. diate 15 min. 
Tallow soap, no rosin (control) «.....-- 200 210 200 185 
IN secayay TeapES e 225 220 210 200 
Hydrogemated rOsite an nmnenennmenmnewnenenentnreiensntenentnan 5 Pa) 235 220 215 
Dehydrogenated (disproportionated) rasin -..—-0« 230 225 225 215 


«Lather properties were tested according to the Ross and Miles method (see Chapter 
XXX). 
% Soft water: 50 p.p.m. CaCOs; soap concentration 0.25%, calculated on basis of 
soaps containing 36% water. 

° Hard water: 300 p.p.m. CaCQs; soap concentration 0.50%, calculated on basis of 
soaps containing 36% water. 


the other fatty acids. In view of the similarity of sodium laurate and sodium 
rosinate, it appeared that rosin might be used to replace part of the coconut 
oil used in many soap products. Rosin soap should be considered as a ma- 
terial that has to be blended with other soaps. Proper blending of rosin soap 
with fatty acid soaps yields quality products. 

In general, the addition of sodium rosinate to a fatty acid soap increases 
the solubility of the soap, softens the soap to some extent, increases the 
lathering properties of difficultly soluble soaps (Table XVI-6),*° and of 
course affects the color. Light yellow soap flakes as well as light yellow bar 
soap can be made containing as much as 20% of rosin. If the rosin is prop- 


78 Perfumery and Essential Oil Record, 33, 260-262 (1942). 
808. S. Van Zile and J. N. Borglin, Oil and Soap, 22, 331-334 (1946). 
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erly stabilized, either catalytically or by hydrogenation, it contributes little 
or no color to soap products. In hard water sections, a tallow soap contain- 
ing only 5% coconut oil would not produce a good lather. Addition of rosin 
helps to increase solubility in hard water and to give a better and quicker 
lather. 

5-40% of rosin in the fatstock is quite feasible, especially if light-colored 
rosin is used. Borglin®' elucidates, by a carefully conducted series of ex- 
periments in collaboration with Van Zile, the special advantages of modified 
rosins (hydrogenated and “dispropor-dehydrogenated” types) for the soap 
industry: (J) Enhanced wetting action of tallow-base soaps. (Coconut oil 
soap detracts from the wetting action, but not from the general detergent 
effect of the soap. (2) Modified rosin seems to impart bacteriostatic and 
bactericidal action not possessed by tallow-base soaps. (3) Reduced skin 
irritation under test conditions. (4) No decrease in detergent or sudsing 
action. (5) Decreased dust in spray-dried soaps. (6) Modified rosins, un- 
like ordinary gum and wood rosin, can be used in light-colored toilet, laun- 
dry, flake, and spray-dried suap with no material increase in color, when 
used in amounts allowed by present specifications. (7) Dehydrogenated 
rosin soap solutions are of low viscosity and, therefore, indicated for use in 
liquid soap preparations. (8) In limited amounts, they are suitable replace- 
ments for coconut oil or tallow, thus increasing the available supply of soap- 
making raw materials and simultaneously imparting desirable properties not 
characteristic of tallow or coconut oil soaps. Indications are that these de- 
sirable properties are also imparted to soaps prepared when using these 
rosins with other soapstocks. 

5 to 30% modified rosins in conjunction with tallow were the fatstocks 
for the soaps used in the experiments, from which the above conclusions 
were drawn. 

As already pointed out, rosin behaves like a fatty acid during the soap- 
boiling process. It is easily saponified even with sodium carbonate. Since it 
yields no glycerine, it is usually added to the already saponified fatstock in 
one of the last changes after most of the glycerine has been removed. In this 
case the main soap mass in the pan is made strongly alkaline, and during 
the process of adding the rosin in lumps enough alkali must be added to sa- 
ponify the rosin and to keep the boiling soap “open.” Usually it is advisable 
to saponify rosin separately in a smaller pan, wash the soap, and then pump 
the rosin soap into the main soap pan. 

The advantages of the latter process are that sodium carbonate, which is 
somewhat cheaper than caustic soda, may be used for saponification. Besides 
it is possible to salt-out the rosin soap separately, thus purifying it. The 
spent lye from the separately saponified rosin, if low in alkali, may be dis- 


81 J. N. Borglin, Soap, 22, 43-46 (June, 1946). 
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carded. The rosin soap, either purified by salting-out or simply saponified, 
is then pumped to the main soap mass in the pan and the whole mass is 
boiled thoroughly to insure that the rosin soap is evenly incorporated. The 
whole soap mass may then be salted-out again, and the spent lye, if poor in 
glycerine and alkali, discarded as well. It must be pointed out that laundry 
and household soaps with higher percentages of rosin are especially suited 
to be “built up” with soap builders to increase their detergent action. 

For the manufacture of powdered soaps with a relatively high fatty acid 
content (over 30%), common grades of rosin are to be used cautiously in the 
fat charge, since rosin tends to make the powdered soap somewhat tacky. 


(2) Tall Oi 


Tall oil is a rosin product known also as Yallol or liquid rosin. It is a 
by-product of the paper pulp industry using ihe sulfite process, and is ob- 
tained by hydrolysis of soaps of the alkaline waste liquors. It may be a tarry 
viscous liquid with a strong odor, but its color and smell vary, especially if 
it has been subjected to refining.®® ®** It is beyond the scope of this book to 
go into the details of the many refining processes that are used to purify the 
dark and odorous crude tall oil. Some processes are very similar to the re- 
fining processes for rosin (see above). Selective solvent purification, bleach- 
ing with bleaching earth, and hydrogenation are methods to purify the 
crude oil. Sometimes the rosin acids are removed by crystallization at low 
temperatures. Deodorization processes are often employed similar to those 
usually used for oils and fats. Jn recent times tall oil has gained more and 
more importance for the soap industry. It is not only extensively used for 
the production of textile and other specialty soaps, but also for common 
household soaps. 

A new kind of tall oil may soon be available for industrial use which is 
obtained by direct extraction of thin sheets or saw dust of pine wood (e.g., 
with benzene 50°C.). The composition of the benzene-extracted oil is given 
refining. It is to be expected that such directly extracted tall oils will be 
valuable raw material for the soap industry as well. 

In the United States, grades of refined tall oils mainly from waste liquors 
are used in soap manufacture. Analytical data are given in Table XVI-8,.™ 

According to Wheeler,** tall oil consists of 45-50% rosin acids, 45-50% 
fatty acids and 5-10% unsaponifiable matter. The fatty acids consist mainly 
in Table XVI-7.82 The products thus obtained are less acidic and require no 


82H. W. Chatfield, Varnish Consiitwents, Leonard Hill, London; Interscience, New 
York, 1944. 

82a J. P. Casey, Pulp and Paper, Interscience, New York, Vol. I, pp. 174-176. 

83 A, B. Andersen, Ind. Eng. Chem., 38, 760 (1946). 

84 R. Hastings, Am. Dyestuff Reptr., 33, 25-26 (10944), 

85D, H. Wheeler, Org. Finishing, 9, No. 10, 17 (1948). 
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TABLE XVI-7 


Per Cent sy WEICHT OF ExTRAcTIVEs’? 


Heartwood Sapwood 
FO: etherinsolttble: acacscccvccc ete see ences 0.0 0.0 
H.0-soluble 0.6 1.0 
Resin acids 58.5 29.8 
Fatty acids ..... 2a 42.8 
Volatile . 5.6 3.0 
Esters 1250 13.0 
Unsaponifiable iit. 10.2 
Extractives, % by wt. of moisture-free wood ... 10.0 Bb 


of oleic and linoleic acids with small amounts of palmitic acid. The rosin 
acids are similar to ordinary rosin. 

Pure sodium soaps from tall oil alone are dark brown or light yellow, soft, 
and tacky, and have properties similar to rosin soaps. Potassium soaps from 
tall oil are very soft. Tall oil is usually not used for hard soap in amounts 
greater than 25% of the fatstock. But with alkailne soapbuilders even hard 
soaps with higher percentages of tall oil may be produced. Tall oil has many 
advantages for the production of liquid soaps, since potash tall oil soaps are 
soluble in water in high percentages without gelation. 

The use of tall oil for the soap industry was outlined in a paper by Has- 
tings, Pollack and Wafer,** and many practical examples given. The fol- 
lowing methods for the preparation of high concentration paste or liquid 
soaps from tall oil alone are described as follows: 


(1) Heat the tall oil to about 175°F. (79-80°C.) until any crystals have dissolved. 

(2) Heat requisite amount of 30% caustic solution (see step 2 under preparation of 
liquid soaps below) to 175°F, Either sodium or potassium hydroxide or their mixtures 
may be used. 


(3) Slowly pour the hot caustic solution into the hot tall oil with slow agitation. 


TABLE XVI-88+ 


Tall oil 
Properties = = — 

Crude Refined 
ACIAGMUMBbED Wrseeastanscaeneadtenetieatiecies apace 160-170 170-180 
Saponification number .. 165-175 170-185 
Rosin-acids number 80-90 63-71 
Wijs iodine number 140-150 = 
Ash, % < 0.4 < 0.1 
Fatty acids (chiefly oleic), % . 45-50 55-60 
Rosin acids (calc, as abietic), % ... 42-48 34-38 
Sterols, higher alcohols, etc., % .. 6-9 6-10 


86 R. Hastings, A. Pollack, and I. M. Wafer, Soap, 19, No. 5, 24-27, 70 (1943). 
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Mechanical agitators should operate at slow speeds and should be well submerged to 
prevent entrainment of air. 

(4) Add enough water at 175°F. to bring the soap to the desired water content. If 
no water is added, using caustic soda, an 80% soap results; using caustic potash, a 74% 
soap. 

(5) Continue agitation until uniform. 


To prepare a liquid soda or potash soap of tall oil the following typical 
procedure is recommended: 


(1) Heat the tall oil with agitation in a tank or other suitable container to 150- 
175°F. (66-80°C.) until any crystals present have dissolyed. This operation will require 
only 5-10 minutes heating after reaching 150°F. 

(2) For each 1,000 pounds of tall oil used, weigh out 125 pounds of caustic soda or 
175 pounds of caustic potash (100% basis). 

(3) Dissolve the caustic soda or potash in the total amount of water used. The 
amount of water used will depend on the desired soap content of the finished soap 
solution. 


(4) Slowly add the alkali solution to the tall oil with agitation. 
(5) Continue the agitation until the mixture becomes uniform. 


By using the above proportions of tall oil and alkali, the soap formed will 
not contain appreciable amounts of free alkali. If desired, soapbuilders and 
excess alkali may be added. The amount used is best determined by trial, 
but in general it will not differ materially from the amounts of excess alkali 
and builders used with other soaps. In the United States, liquid and paste 
soaps of tall oil have proved effective for scouring wool, rayon, and cotton 
linters, for the degumming of silk and depitching of rayon pulps. In Euro- 
pean literature, Henk*’ states that tall oil soap can be used for the most 
varied textile requirements, including scouring raw wool, washing white 
woolens, washing cotton, dyeing, desizing, and degumming of silk. 

As already pointed out, hard soaps cannot be prepared from tall oil alone 
by any graining process. However, hard soaps can be obtained by drying 
processes or by adding soapbuilders such as soda ash. For example, German 
Patent 482,458 claims a process for producing a hard soap from tall oil soap 
paste in which the paste is kneaded with 2 to 15% of calcined soda. In car- 
rying out this invention, 6500 kg. of tall oil is neutralized with 33° Be caustic 
soda, whereby 10,000 kg. of soap paste is obtained. 800 kg. of calcined soda 
ash is added and kneaded into the soap. The kneaded mass is sent over a 
cooling roll, from which it is transferred to a packaging machine. In this 
machine the mass is kneaded once more and pressed into cakes of about 
0.5 kg. The soap cakes coming out of the machines assume a hard, firm form 
after a short time. 

Tall oil mixed with other fats is used in the preparation of hard soaps. 


87 H. J. Henk, Seifensieder Ztg., 67, 22 (1940), 
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As a typical illustration of a hard soap containing tall oil, Straus** uses the 
following soapstock: 


Parts 
Hard fat 50 
Tall oil ...... 90 
Coconut fatty acids mk. 20 
Peanut oil fatty acids ... 10 


This soapstock, when saponified with caustic soda and salted-out, gave a 
light brown soap. 

Straus also states that the following soapstock is used for the preparation 
of a toilet soap. 


Per cent 
Hard fat .. 
Tallow .. 
Rosin . : 
AYA GhovcVe len tel UlledohU Camerrereerrte reece tre eer remeron thr recrrbrFo 4 1 


For special cleaning soaps (auto soap, scrub soaps, dry cleaning, metal 
cleaner soap, etc.) even crude grades of tall oil may be used. The odor of 
tall oi] in these cases is not a serious handicap and may be masked with pine 
odors. When purchasing a tall oil for normal soap purposes the amount of 
unsaponifiable fatty matter is of great importance; more than 8% makes the 
oil less suitable for soaps, except for the production of some special cleaners, 


(VY) GENERAL REMARKS ON THE CHOICE 
OF A FATSTOCK 


Fatstocks must be chosen carefully, especially for a high-grade toilet soap. 
The first condition is that the fats and oils be of high purity and/or refined 
as prescribed in Chapter XIII. No rancid fats or fatty acids should be used 
and none or only traces of mucilaginous substances should be present in the 
fatstock. Very important is the absence of hydroxy fatty acids (see Chapters 
XVI-I, 14, XVI-II, 2, and XXXIX-8, D). As a matter of fact, conditions for 
the choice of a fatstock are the severest for light-colored toilet soaps and less 
strict for laundry soaps of the yellow type. 

In a publication by Wittka,°° an attempt was made to classify fats into 
five groups, according to the degree of rancidity of soaps prepared from them: 


Group 1. Fats yielding hard soaps—include tallow, lard and hardened fats. 
Group 2. Fats yielding soft soaps which are relatively stable and are modified only 
to a slight extent when kept in the air—include the liquid nondrying fatty oils. 


58 R, Strauss, Deut. Parfumerie Ztg., 25, 406-409 (1939). 
89, Wittka, Seifensieder Ztg., 57, 773-775 (1930). 
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Group 3. Fats yielding very soft soaps which readily undergo modification in the 
air, and when kept in storage are liquid fats belonging to the group of drying and semi- 
drying oils. 

Group 4. Fats of the coconut oil group—contain fatty acids of low acids of low 
molecular weight. 

Group 5. Resins which differ fundamentally from fatty acids in chemical structure, 
but resemble the latter in forming colloidal solutions of salts in water. 


So divergent are these five groups in properties that responsibility for 
rancidification of soaps can be ascribed to them in different directions. And 
not merely to the type of rancidity, but also the speed at which the change 
proceeds from group to group. 

In the case of Group 1, Wittka goes on to point out that the fatty acids of 
these fats are not very sensitive to oxygen, and soaps prepared from these 
fats are correspondingly stable. Members of Group 2 show a greater tend- 
ency to oxidize (higher iodine value) and may thus cause mottling in soaps, 
especially if metallic catalysts are present. Soaps prepared from fats of 
Group 3 possess a still higher iodine value, and are still more prone to oxida- 
tion and consequently to rancidification and mottling. Group 4, it is pointed 
out, yield soaps with the least tendency of all to develop rancidity. Fats of 
Group 5 resemble those of Group 2, but do not develop unpleasant odors. 

Wittka distinguishes between two types of rancidity: rancidity by oxida- 
tion of the fatty acids, and rancidity after secondary splitting accompanied 
by liberation of the lower fatty acids. In a particular case, both factors may 
come into play. Among soaps becoming rancid as a result of oxidation are 
those prepared by fats belonging to Groups 1, 2, and 3. 

One of the present authors raised objections to Wittka’s classification. 
In a short note the following point was made:"° semidrying and drying oils 
do not necessarily cause rancidity or yellow spots in all cases and in all 
soaps. As is well known, sunflower oil-a drying oil—is used in Soviet 
Russia not only for making curd and Eschweg soaps, but also for toilet soap 
bases. Yet no complaints are forthcoming from that country, and J. David- 
sohn frequently received milled toilet soaps from Russia which were ex- 
cellent with respect to color, and were quite free from rancidity. (Rancidity 
and its prevention are discussed in Chapter XXXI.) 

After having dealt with the fatstock with regard to the keeping quality of 
soap,*! we have now to deal with another aspect of building up a suitable fat- 
stock for hard soaps. In Table XII-7 details were given on the properties of 
soaps obtained from different fats and oils. It requires the skill and experi- 
ence of a soapmaker to compound the fatstock in such a way as to produce 
a soap with the necessary qualities: hardness of cake, easy solubility in water 
of normal temperature, good foaming and detergent quality. All these quali- 

90 J. Davidsohn, Seifensieder Ztg., 57, 794 (1930). E. J. Better, Allgem. Oeil u. 


Fettztg., 28, 380 (1931). 
91 J, Davidsohn and A. Davidsohn, Soap Perfumery & Cosmetics, 9, 702-706 (1936). 


XVI. INDIVIDUAL FATS AND OILS 305 


ties make the “ideal” soap. It is practically impossible to combine all into 
one soap, but the soapmaker attempts to achieve the best possible product 
under existing conditions. 

Once, the titer of a soap fat was considered as the most important analyti- 
cal value for the soapmaker, and in fact the titer has a very important bearing 
on the behavior of the soap (see Table XVI-9). But foaming quality and 
detergent effect naturally do not correspond to the titer alone. For example, 
coconut oil has a low titer, gives a hard soap of easy solubility and fast 
foaming action. Tallow has a high titer, gives a hard soap, only soluble 
slowly in warm water, with little foaming action. Oleic acid has a low titer, 
gives a soft, fast dissolving soap with poor foaming quality. Thus another 
factor was developed by Webb**. The I.N.S. factor, which is the difference 
between the saponification value and the iodine value of the oil (saponifica- 
tion value — iodine number = I.N.S. factor). With increase of I.N.S. factor, 


TABLE XVI-9 


Titer oF Fatry Acip 


Fatty acid Appearance of turbidity 
Titer, °C. in soap solution, °C. 
Lauric owe Citta COOH 44. 40-45 
Myristic ..  Cy,HsCOOH 54 B25) 
Palmitic . Cy Hs COOH 62 60-65 
Stearic a CiH;;COOH 71 65-70 
Arachidic ~ CoH» COOH ti 75-80 
Oleic « CizHs;COOH 14 20-30 


the soaps from the oils are harder, less soluble, less prone to rancidity, and 
have better color, but are poorer in respect to detergent and lathering pow- 
ers. Estimation of the mean I.N.S. factor of a blend of oils is supposed to 
enable one to determine in advance the type of soap produced on saponifi- 
cation. The J.N.S. values range from 250 for coconut oil to 15 for linseed oil. 

The soap solubility ratio (S.S.R.) is the ratio of the I.N.S. factors of the 
mixture of oils to the sum of the I.N.S. factors of those oils in the mixture 
with a factor greater than 130 (excluding palm kernel and coconut oils) ; 
high $.S.R. values indicate good lathering qualities and solubility. We can- 
not quite agree with Webb that these factors are reliable for the evaluation 
of the properties of a soap from the above mentioned analytical figures of 
the fats and oils used. 

In many respects this is not so important either. With the knowledge of 
the qualities of pure soaps made from individual fats and oils it is not 
too difficult to build up a suitable soap base. If a soap manufacturer is very 
careful, he will make an experimental boil on a small scale before deciding on 
every new soap base he intends to use. 


°2'T, E. Webb, Modern Soap and Glycerine Manufacture. Davis Bros., London, 1927. 


PART C 


Practical Soap-Boiling Processes 


Introduction 


Briefly, the objects of the soapmaker are: (a) To choose a properly com- 
posed fat mixture suiting the special use and purpose of the soap to be pro- 
duced, and its conversion into completely finished soap. (b) To employ a 
method which would enable him to obtain the greatest possible yield of mar- 
ketable products from a given volume of fat that is commensurate with a 
minimum size of plant. (c) To retain full control over the pan con- 
tents during the process, and over the quality of the final product and its 
composition in regard to fat, water, electrolytes, free alkali, glycerine, and its 
content of unsaponified fat. (d) To recover a maximum amount of the 
glycerine from the saponified fat contained in a minimum amount of spent 
lye, producing in this way as highly concentrated glycerine solutions as pos- 
sible. 

Because of the great variety of soap products now on the market, a cor- 
respondingly large number of practical soapmaking methods are in use, 
which are classified as follows: 

(1) The cold-made process. Calculated amounts of fat and concentrated 
lye are intimately mixed until saponification sets in and is completed within a 
few hours. This process is generally used when the fat charge contains coco- 
nut, palm kernel, and babassu oils exclusively, or at least large proportions of 
these fats. It is difficult in this case to retain perfect control over the com- 
position of the product. It is almost impossible to provide an exact amount 
of the alkali to ensure that, ultimately, the product shall contain no more 
than the requisite small amount of free alkali and no unsaponified fat. On 
the contrary, accepted practice with this method is to use an insufficient 
amount of alkali lye and to leave some unsaponified fat in the soap. No 
glycerine is produced by this method, since after saponification no additional 
processes are used for taking it out and it therefore remains in the product. 
On the other hand, the yield of soap is well in hand because the fat charge is 
converted into a marketable product and no losses occur, as there are no by- 
products like lyes or nigers with this process. Equipment cost is also at a 
minimum because of the quick and simple nature of the process. In this 
process, however, only very pure raw materials can be used because of the 
nonexistence of changes and washes for the elimination of impurities. 

(2) The half-boiled process. It differs from the cold process only by 
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the detail that the ingredients are heated up to about 90°C. In this process, 
there is some degree of control over the composition of the product, due to 
the fact that at the end of the saponification the mass is sufficiently liquid to 
permit the addition of free fatty acids, fat, or alkali for neutralization of the 
mixture.” 

(3) The full-boiled process. The fat composition is boiled with an 
amount of alkali solution slightly in excess of that required for exact saponifi- 
cation. Once complete saponification has been accomplished, the operator 
may follow two courses in order to obtain the finished soap: 

(a) The full-boiled process may be employed to produce unsetiled soaps. 
In such cases no salting-out follows the preliminary saponification and the 
product remains as it was at the moment of complete saponification. The 
only difference between this and the “half-boiled process” is that in the 
former case the mass is kept properly “boiling” and not just “hot.” One 
important product of this kind of process is the soft potash soap which is 
produced by boiling linseed oil or a mixture of this with some other oil with 
caustic potash and leaving the glycerine in the saponified mass. 

(b) In the second kind of process the product of saponification is sep- 
arated from excess water, glycerine, alkali, and electrolytes by one or several 
salting-out procedures or washes. Soaps produced by this method are called 
settled soaps. There are two kinds of settled soaps: (1) the product of the 
process when salting-out is complete (these soaps are called curd soap or 
soaps boiled on clear lye), and (2) the product of “partial salting-out” (in 
this case the soap does not settle on a clear lye, but on a soap solution called 
the niger. These soaps are called fitted, genuine, or neat soaps). The process 
of settling soap on clear lye as compared with making neat soap settled on 
niger, gives a higher yield out of one pan batch. It will be seen, however, 
that the ultimate soap yields are identical in both processes. “Fitting on 
niger” requires somewhat more kettle space, since the kettle is occupied 
during a somewhat longer period only because of the necessity of reworking 
the nigers. It is a generally accepted fact that fitted neat soaps are superior 
in quality, and especially in texture, to those settled on clear lye. It is fur- 
thermore true that this process gives the fullest guarantee for the control 
over the ultimate composition of the final product. 


* The terms halt-boiled and semi-boiled are synonymous. 


CHAPTER XVII 


THE FULL-BOILED PROCESS 


(1) General 


This process is also described in the appendix on small-scale experi- 
mental boils, Considerable skill must be acquired by the soapmaker before 
he is able to conduct a large boil without running the risk of spoiling the pan 
contents. In present-day practice an overwhelming proportion of the total 
soap production is still provided by the full-boiled process and it is for this 
reason that we deal with the description of this method first. 

A great deal of practical experience is required to carry the full-boiled 
process successfully through its various stages. Running in the proper fat 
charge, saponification, graining, finishing, fitting, and other details were han- 
dled in the past in an empirical manner. In fact, soapmaking has been, until 
recently, characterized less by theoretical considerations than by familiarity 
with the appearance which soap may assume at various stages during boiling. 
Exact measurement and analysis were seldom employed and it was through 
the senses of touch, sight, and taste that the process was controlled. 

It has been shown in the theoretical part of this book and in the descrip- 
tion of exact experimental boils in the appendix that small changes in the 
water and electrolyte contents in the pan cause variations in the composition 
of the final soap product and also in the composition of the spent lye. We 
have learned from the phase diagram that neat soap occupies an area and 
not a fixed point, that we may be able to produce neat soap corresponding in 
composition to any point within this area, and that this is dependent only on 
the condition chosen for the final settling of the soap. It is therefore natural, 
when armed with present-day theoretical knowledge and induced by the 
highly exacting technical and commercial requirements of the times, that it is 
no longer necessary or desirable to rely upon craftmanship only. In soap- 
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making, just as in any other branch of modern chemical technology, the 
necessity is felt for controlling the process to the fullest possible extent by 
exact measurements of all quantities involved, by analyzing the products, 
and by comparing the results with those theoretically expected. 

It is assumed that all quantities of raw materials and ingredients entering 
the kettle have been carefully weighed and the amounts duly recorded. How- 
ever, this is very seldom the case, even in modern soap factories, as in most of 
them at least some of the ingredients, water and brine, for instance, are added 
directly and without quantitative control. Furthermore, the water content of 
the pan is very seldom known during the process, due to the fact that, by 
boiling with open steam, water is constantly added by condensation and the 
exact weight of the water added cannot be directly ascertained. It would, 
of course, be possible to find out the true water content of the boiling mass at 
any time of the boil if a water determination were made on a representative 
sample of the pan content. 

The shape and dimensions of the kettles and the way the ingredients, fats 
and lye, are run in are of great influence on the saponification process. Fats 
or alkalies, when run in too quickly or without due care for their immediate 
dispersal in the kettle and subsequent intimate mixing with the pan contents, 
tend to form lumps which are difficult to boil out. Variations in steam pres- 
sure in the boiler house or in the regulation of the steam valve at the pan 
may cause important changes in the pan condition. Too rapid a saponifica- 
tion and a sudden release of reaction heat has a more serious effect in large- 
scale boiling than in small-scale boiling, since the heat evolved cannot be 
eliminated as quickly in the surrounding mass, and often results in the pan 
boiling over. 

The phenomenon of bunching is much more likely to occur in a large 
pan than in a small one because in the former a local deficiency in caustic 
may easily occur due to uneven boiling (see Chapter XVIII). 

It was described in Chapter V how size and shape of the pan influence 
the separation of the layers and, especially, the rate of settling of the niger 
from the fitted soap mass. However, no difference is observed between the 
L.L.C. when established for the same fat charge on a small or a large scale, 
and thus these critical electrolyte concentrations, once determined in a small 
experiment, hold good for the large-scale boils as well. 

The same applies to the electrolyte concentration characteristic for a 
certain grade of fit, and thus this type of information obtained by small-scale 
experimentation can be carried over and utilized in the technical operation. 
The rules of glycerine recovery by repeated washes or changes as studied in 
laboratory boils can also be very well applied to actual practice. 

From the point of view of glycerine recovery and also for the ultimate 
electrolyte content of the soap, the extent of separation of the soap layers is 
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naturally of the greatest importance. However, this depends on a time fac- 
tor, namely the rate of cooling of the soap mass in the pan (Chapter VI). It 
was shown that it is the size and shape of the pan which have great influence 
on these factors and this again demonstrates how the dimensions of the boil 
may change considerably the course of the process. 

As a useful guide in these circumstances, the setting up of certain stand- 
ards in the control of soap plant operations is advantageous. The elabora- 
tion of a kettle plan may serve as a further help in practical soapmaking. 


(2) Use of Standards in Control of Soap Plant Operations 


In order to attain the maximum technical performance it is necessary to 
establish a set of standards to enable the plant superintendent to control the 
operations in the plant processes. Peterson? contributes an instructive ar- 
ticle on this subject. 

Several types of soap are usually manufactured in the same factory. The 
soapmaker receives his directives from the management as to the kind and 
amount of marketable soap products to be manufactured during the running 
month. Knowing the kind and size of the kettles and other equipment at his 
disposal, he must then make his plans in order to be able to carry out the 
production of the various types of merchandise. When making his plans he 
should, however, take inte consideration the general criteria expounded in 
the first sentence of Part C of this book. 

From a thorough survey of the equipment available the following stand- 
ards may be derived and set up. 


(A) Tue KetTrLe Capacity STANDARD 


In the kettle room the value of a standard for the output of a given number 
of kettles is twofold. First, it establishes the maximum “normal” capacity 
of the plant and avoids the otherwise all too frequent differences in opinion 
on this point. Second, when the full plant capacity is not required, economy 
in steam may be gained by reducing the number of kettles in active use, thus 
decreasing radiation losses. 

In setting a standard for the capacity of a kettle room, one must deter- 
mine the fair minimum number of hours required to perform all of the boil- 
ing operations, eliminating from consideration all unnecessary delays, such 
as excess loss of time by waiting for the delivery of materials from another 
department (fats, rosin, salts, caustic), failure of mechanical equipment 
(pumps, pipelines, valves). The minimum settling time necessary to yield 
kettle soap of the desired quality, the fair minimum time required to deliver 
the settled soap to the next operation, and, finally, the time necessary to pre- 


1 W. A. Peterson, Oil and Soap, 17, 66 (1940). 
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pare the kettle for the next boil give a relationship hetween the hours avail- 
able per week and the number of hours required for a complete turnover of 
a kettle. This relation is the normal ketéle cycle and may be expressed as 
boils per kettle per week. Knowing the kettle equipment available, the over- 
all weekly or montlily capacity of the kettle department may be calculated. 
Because the ketile cycle sometimes varies for different types of soaps, it is 
even more desirable to establish the capacity for each type produced. 

There are other types of standards which must be taken into consideration 
by the plant superintendent or the soapmaker when making his kettle plan. 
These are the “loss of material” standards. 


(B) Loss or ALKALI STANDARDS 


In the soap-boiling process, one well-known source of loss is the alkali 
remaining in the spent lye sent to the glycerine refinery, and in waste lyes 
run to the sewer. Taking up first the case of spent glycerine lye, it will be 
seen that here a double expense is involved. Not only is the alkali lost, but 
acid or other chemicals must be used to neutralize it in the lye treatment op- 
eration. The excess alkali may be neutralized in the kettle by fatty acids. 

An alternative is to provide for an excess of neutral fats, at the same time 
extending the time of boiling. But each additional hour of boiling consumes 
steam and cuts into the kettle output by lengthening the turnover cycle. Con- 
sequently, one has to find an economical balance between the cost of extend- 
ing the time of boiling, or using fatty acids, and the cost of leaving the alkali 
in the spent lye. The ultimate standard will be expressed as_the maximum 
allowable per cent alkali in spent lye. 

Another source of alkali loss in the ketile room is in waste lyes run to the 
sewer from the processing of the darker fats for soap powders and resin for 
laundry soaps. The usual method for improving the color of these stocks is 
to give them one or more alkali washes. The resulting lyes are dark in color, 
contain little or no glycerine, and are usually discarded. 


(C) Tue Lye-Butk 


There is a second standard necessary here to obtain complete control, 
namely, the maximum allowable quantity of spent lye in relation to the fat 
stock saponified. It is of no benefit to have a satisfactory value for the per 
cent alkali in the spent lye, only to find that the bulk of the lye is twice as 
large as it should be. Here the lye-bulk must be determined by consideration 
of the particular type of kettle system used (countercurrent or noncounter- 
current), whether the kettles are boiled with open or closed steam, the extent 
to which it is desired to recover the glycerine and the capacity of lye storage 
space. 
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(D) Loss oF Soap IN THE LYE 


All lyes contain small amounts of dissolved soap normally ranging from 
0.05-0.5%. As this is a direct loss, it is important to operate within the 
standard lye-bulk in each case; in order to avoid an excessive percentage of 
soap in these lyes, it is advisable to have a standard for the Baumé (or spe- 
cific gravity) of the lyes before they leave the kettles in order to provide a 
salt content high enough to ensure a minimum percentage of dissolved soap. 
The minimum standard Baumé should be higher by one or two degrees than 
the point at which the soap content in the lye becomes constant when raising 
the salt content. In addition, it is advantageous to allow the lye to cool, 
settle, and skim off part of this soap before permitting them to be treated for 
glycerine recovery. 


(E) Loss oF GLYCERINE 


As to the glycerine left in the kettle soap delivered, the standard allowable 
loss involves a detailed survey of whatever system is in use, after which the 
added cost of each additional per cent recovered can be calculated. Addi- 
tional expenses may be caused by an increase in lye-bulk. The point to be 
emphasized is that all conditions must be considered to obtain the true bal- 
ance between the additional amount of glycerine that would be recovered 
and the cost of getting it. The safest way is to set up two columns System A 
and System B, under which every component of the cost in the kettle depart- 
ment should be listed. Certain expenses are fixed, others vary, but by listing 
all of them the total cost of the operation and the total glycerine recovered 
under each system can be ascertained. The difference can be expressed either 
as the unit cost for the additional glycerine recovered or, as the over-all unit 
cost of the glycerine recovered. At some point, the further recovery of 
glycerine will be overbalanced by the additional cost, and it is necessary to 
standardize at the point at which a satisfactory profit is realized. 


(3) The Kettle Plan 


The kettle plan can be evolved only when the various standards have been 
established and all conditions duly considered. For conditions in which 
maximum glycerine recovery is indicated, the following countercurrent wash 
kettle plan proposed by Govan? serves as a very good and instructive example. 
It has already been pointed out in this book that the glycerine concentration 
in the aqueous portion of the curd is equal to the concentration in the lye. 
This means that the degree of glycerine recovery from each wash depends en- 
tirely on the quantity of lye removed in relation to the entangled lye which 
remains in the curd. A definite kettle recovery of glycerine can be obtained 


2'W. J. Govan, Jr., Oil and Soap, 19, 79 (1942), 
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by being able to regulate the weight of the “washes” in relation to the weight 
of the curd. The curd, under ordinary kettle operation, will hold 35-38% 
of its weight of “entangled lye” (entrained or occluded lye) (compare with 
Chapters V and VI). 

Govan uses the manometric gage (back pressure liquid level gage of the 
manometric or dial type) for weighing the total kettle content. The apparatus 
used for weighing the washes is fully described by Wigner.® 

The sketch in Fig. XVIJ-1 and description represent Govan’s* adaptation 
of the apparatus. 


x sts 


Fig. XVII-1. Manometric gage.2 (A) Automobile tire pump. (B) Com- 
pression chamber. (C) U-tube mercury manometer, using a meter stick divided 
into millimeters. (D) Two-inch pipe. (F, G) Valves. 


Valve F is closed, € is left open. Air is pumped into the system until bubbles break 
through the surface of the kettle. Valve G is closed, vaive F is opened, and the differ- 
ence in millimeters between the two levels of mercury in the manometer is noted. 

Millimeters times kettle factor gives the total weight of the kettle contents above 
opening S of pipeline D in the bottom of the kettle, The weight of the kettle content in 
the cone below opening S is to be regarded as a constant kettle tare and may he ob- 
tained directly or computed. The kettle factor itself may be computed from the hori- 
zontal cross section of the kettle or may be calibrated directly by noting the mano- 
metric differential against a known weight of material pumped into the kettle. (The 
factor for a kettle 15 feet in diameter is 490 Ibs. for each millimeter head of mercury. 
The tare on the cone section below the pipe opening S for a cone 2.5 feet deep is 9,000 
Ibs. for lye and 6,000-7,000 lbs. for kettle soap.) The accuracy of these weighings is 
independent of the condition of the material in the kettle. It can be nonhomogeneous 
and at any temperature as long as fluidity is maintained. 


3 J. H. Wigner, Soap Manufacture. The Chemical Process, Chemical Pub. Co., New 
York, 1940. 
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In the operation of the kettle, the total contents are built up to a specific 
weight. After the wash is run out, the curd is also weighed. The difference 
between the total weight of the kettle and the weight of the curd gives the 
weight of the lye withdrawn. The aqueous portion of the curd is estimated 
by deducting the known amount of dry charge from the curd. The percent- 
age removal of free glycerine from the kettle is the ratio of wash to the total 
aqueous medium in the kettle. 

If a kettle is oversalted, or not allowed sufficient settling time, the curd 
will contain more entrained lye than it should. By keeping a record, proper 
salt concentration in the lye, and proper settling time, we obtain what may 
be called an “efficient curd.” 


(A) System or WASHES 


Govan‘ has reviewed the various wash systems known. We reproduce in 
the following pages his excellent discussion of the topic: 


There are three general systems of washes used in the full-boiled method of soap- 
making, The main purposes of washes are to cleanse impurities and coloring matter 
from the soap and to recover glycerine which the fats and oils yield on saponification. 


TABLE XVII-1 
InpivinuaL Wass System 


Saponification change } 
Glycerine change ts Lyes to crude glycerine recovery department 
Glycerine change 

Strengthening change? 
Fitting change __ 


Lye to saponification change of succeeding kettle 


@ Optional. 


Individual Wash System. The earliest system of washes (see Table XVII-1) is one 
in which several successive fresh neutral washes are made on the same kettle for 
glycerine recovery. Saponification and fitting operations are carried out in the customary 
manner. 

This system of washes is still much used where the number of kettles is limited and 
various grades of stock must be handled without the possibility of contaminating good 
soapstock by countercurrent washes from poorer soapstock. 

The individual system of washes has one major drawback, production of a rela- 
tively large amount of spent soap lye compared with the amount produced in counter- 
current systems. Consequently, in the individual wash system, labor, material, and 
steam costs for evaporating spent lye to crude glycerine are often double those in the 
countercurrent system (see Fig. XVII-3 below). This places the former system at an 
obvious economic disadvantage. 

Semicountercurrent System. A second system of washes, semicountercurrent (see 
Table XVII-2), is a compromise between the individual system just described and a 
straight countercurrent system. In this system. several fresh washes of varying caustic 


4W. J. Govan, Jr., Oil and Soap, 23, 229-235 (1946); or Soap, Perfumery and Cos- 
metics, 20, 157-163 (1947). 
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soda strength are drawn off the same kettle into storage tanks. These washes are later 
used in the saponification or “killing” change in succeeding kettles, where they are 
“enriched” by picking up more glycerine and where their caustic soda strength is spent 
in saponifying fresh fats and oils. 

The semicountercurrent system has the same advantage as the individual wash sys- 
tem for soap plants having limited kettle facilities. A variety of soapstock can be proc- 
essed with little possibility of contamination of good stock through interchange of lyes. 

It has the advantage over the individual wash system of reducing the amount of 
spent soap lye produced by about 25%, with a proportionate reduction of operating 
costs in the crude glycerine plant. 

Here again there are serious disadvantages in this system compared with the straight 
countercurrent system. Over one and one-half times the amount of spent soap lye is 
produced in the semicountercurrent system as in the countercurrent system. This means 
that labor, material, and steam costs of producing crude glycerine are about one and 
one-half times those in the countercurrent system. 

A second disadvantage is in the extra amount of time, labor and expense consumed 
in running partly spent lyes from the kettle to storage tanks and then back to a suc- 
ceeding kettle for the saponification change. These partly spent lyes may cool off on 
storage and in that condition the reaction between their caustic soda content and the fat 
charge is slow and uncertain. 


TABLE XVII-2 


(1) Saponification change 


(2) Strong change | Lyes to storage for use 
(3) Strong change ‘in saponification changé 
(4) Strong change ] in succeeding kettle. 


(5) Fitting change 


Countercurrent System. The third system of washes is the countercurrent system 
(see Fig. XVII-2). ...In this system, a wash is pumped directly from one kettle to 
a succeeding kettle which is in an earlier stage of the process. The same wash will pass 
through a number of kettles until its countercycle is completed and it is transferred to 
the glycerine department as spent lye. 

In larger soap plants, where the countercurrent system is used, kettles receive ten 
or more washes on a twenty-four hour a day kettle schedule with short settles between 
washes. The recovery of glycerine from the saponification of the fats is approximately 
95% of that theoretically available. This recovery is accomplished with a ratio of less 
than 1 lb. of spent lye produced per pound of fresh fat or oil charged to the kettles. 

In the medium or small soap plant, where it is not feasible to conduct a twenty-four 
hour a day schedule on the soap kettles, the countercurrent system is applicable, using 
about three large washes per kettle and overnight settles between washes. 


(B) TyptcaL OPERATION OF THREE-WASH COUNTERCURRENT SYSTEM 
on A Four-Kettie Unit 


Proper operation of the three-wash countercurrent system requires units of four 
kettles of equal capacity. Each unit is independent of other units and handles one grade 
of soapstock in its four kettles. 

The changes in each unit are so staggered that washes from kettles in a more ad- 
vanced stage are pumped directly to kettles in a less advanced stage. For a three-wash 
schedule. the cycle of each kettle from the initial charge until the kettle is ready to be 
charged again is eight days. One kettle of the unit is finished every second day, thus 
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providing a steady, continuous supply of neat soap. A unit of four kettles will produce 
at the rate of approximately 3.5 lbs. of neat soap per day per cubic foot of kettle space. 

Each kettle is charged with a weight of fresh fat equal to approximately three-tenths 
the gross capacity of the kettle calculated as water. 

When the operation is started for the first time on empty kettles, the fat charge is 
increased above the normal charge by about 15% to allow for soapstock equivalent to 
that in a normal niger. The kettles are not put into operation simultaneously, but one 
is started on every second day until all are in operation. Washes are made up of fresh 
caustic lye, salt, and water, until washes from other kettles in the unit become available. 

Fig. XVII-3 shows the schedule for the four-kettle unit in which the three-wash 
countercurrent system is used. The pattern of the eight-day cycle as shown is repeated 
continuously during the operation of the plant. 

For the purpose of illustration, the flow sheet in Fig. XVII-3 is based on a kettle 
charge of 50,000 lbs. of fats and oils which yield, on saponification with caustic soda, 
51,000 Ibs. of anhydrous soap and 5000 lbs of glycerine. 

If the kettle charge is greater or less than 50,000 lbs., the kettle compositions shown 
below will vary in proportion to the charge. 

The composition (in pounds) of the kettles on each change is approximately as 
follows: 


First Change 


Curd 
Anhydrous soap .. ; 46,400 
Unsaponified fat = Sse 2 5,000 
NaCI and other dissolved solids ae ee 900 
(Cl calito) | eat eee ee Pere anne 2,360 
Water a en ae Le ae eT ee ee 25,240 
Total 2 5 ee ee Se, a 79,900 
Lye 
NaCl and other dissolved solids oe . 0.200 
(Ch craze) | a ee, Ae 4,730 
Water in eee ee f 50,470 
Total _...... meee ee ee 61,400 
Second Change 
Curd 
Amhyerous? Soap) eee een eee ee mee Sees 2 51,500 
NaCl, NaOH, and other dissolved solids 1,000 
Glycerol . eee SN Ie ae = 1,055 
Water _ ae ee 29.445 
ictal. a= Sa ae =a 83,000 
Lye 
NaCl, NaOH, and other dissolved solids tenn. 8,300 
Glycerol 2 a ee raga | 2,590 
\OCIGis, ae, Se et ee. ee a sm a 7/810) 
Total _ : te 83.200 
Third Change 
Curd 
Anhydrous soap — a 60.600 


NaCl, NaOH, and other dissolved solids te ARI, 1,200 
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Cc. ae 405 
Water 35,495 
OTL ie eek. Rtn, ees sae 97,700 
Lye 
NaCl, NaOH, and other dissolved solids ae ee 700) 
Glycerol Poetetctns ine 785 
WRler eae nee een 2, a Se Pe AL GBS 
Ota, 2 emenear ne eee, Seine later akon Ree) Sree! Le eS Ew 77,200 
Fourth Change 
Neat 
Anhydrous soap RAE Tere & ) ae ase a HIGHO) 
NaCl, NaOH, and nih irseclged cutis hilt SN AM = 300 
Glyccroly? == jas a nae Was 2) A 270 
Water 2 Be RD) 
Total ee Se ee 78,900 
Niger 
Anhydrous soap —_ 9,100 
NaCl, NaOH, and nue cieealeeds poids 900 
Glycerol 130 
Water aoee ne = igo 
(| a ON ae = St oe Se 23,100 


Changes for kettle A only are described below. The same changes on the other 
kettles are performed in the same manner. 

First Change. Change No. 1, sometimes called the saponification or killing change, 
is given to kettle A. The niger from the previous boil in this kettle has been pumped 
over to storage and the new boil is begun on an empty kettle. Vigorous boiling is car- 
ried out with open steam while the fatstock and the soap lye from Change No. 2 of 
kettle D are pumped into the kettle. The caustic strength of the lye is “spent” or used 
up in saponifying the fat charge. Additional fresh caustic lye is needed to carry the 
saponification further. Virtually complete saponification can be accomplished at this 
stage by skillfull operation and with sufficient time. However, it is practical to saponify 
only 85-90% of the fresh charge because the extra time required for complete saponifi- 
cation is not justified by any appreciable added benefit [and it is highly desirable at this 
point to have an excess of fat in the pan to be sure that the alkali in the lye is reduced 
to the very minimum—Au, Note]. 

Jt is important that a proper balance of electrolyte be maintained in the kettle dur- 
ing the saponification. . . . It is well to keep the soap in a semipasty or closed condition 
throughout this operation. 

If saponification is carried out properly, it should take no more than two to three 
hours to saponify upward of 50,000 lbs. of fat to the extent of 90% of the fat charge. 

Toward the end of the saponification phase of the first change the kettle begins to 
take up additions of fresh caustic lye more and more slowly. This is an indication that 
saponification has gone as far is practical. Before proceeding to grain-out the soap with 
salt, the kettle should be boiled thoroughly until there is no free caustic left... . 

When the kettle is neutral, it is grained-out with dry salt. Concentrated brine is 
sometimes used but it increases the amount of spent lye unduly. Great care must be 
exercised in obtaining the right concentration of salt in the lye. Insufficient salt results 
in a spent lye containing.a large amount of dissolved soap. Not only is this soap wasted 


By C. PRACTICAL SOAP-BOILING PROCESSES 


during the treatment of spent lyes, but its presence makes satisfactory treatment 
[expensive and] difficult. 

Too high a salt concentration in the lye causes a condition known as oversalting. 
The curd has a hard grain and tends to hold a greater percentage of water than is nor- 
mal. This reduces the efficiency of the glycerine recovery, since a greater portion of 
glycerine is retained in the curd and a lesser portion of glycerine is removed with the 
spent lye. [The excess salt is also likely to settle out on the bottom of the pan and to 
hinder closing operations on the subsequent boil—Au. Note.] 

There are several methods of determining when a “grained” state has been com- 
pleted. A sample of boiling soap is withdrawn from the kettle with a trowel. If the 
soap is in a grained condition, several drops of clear lye will separate from the curdy 
mass. If no lye separates from the mass, the kettle is still in a closed state and requires 
more salt. if the clear separated lye is dropped on a cold surface of metal or glass and, 
on cooling, remains clear, it is an indication that graining is complete. If, however, the 
drop of lye becomes opaque and milky, then additional salt must be added to complete 
eraining-out. 
~“A second method of determining if graining-out has been completed is to filter a 
small sample of clear lye from a mass of curdy soap taken from the kettle. Salt or con- 
centrated brine is stirred into the clear lye. If further curds of soap separate from the 
clear lye, then graining-out is incomplete and more salt is needed for the kettle. If the 
lye remains clear, graining-out is complete. 

Oversalting can be corrected by dilution of the kettle with water. However, it is 
best to avoid oversalting by approaching the end point of the graining operation with 
care. 

A definite change in the physical appearance of the boiling soap can be detected 
when the end point is approached. When the kettle is properly grained, it is allowed to 
settle overnight. 

Second Change. The spent lye which has settled out overnight from the first change 
in kettle A is discharged to the glycerine department for glycerine recovery. Kettle A is 
then given its second change. Enough water is added to the curd to just “close” the 
soap. At the same time, open steam is turned on in the kettle for agitation. When the 
soap has smoothed out to a pasty, closed condition, fresh caustic soda is run into the 
boiling kettle to complete the saponification of the change. Care must be taken not to 
add the caustic much faster than it will react with the unsaponified fat. An excessive 
concentration of free caustic will erain-out the soap and retard saponification. Complete 
saponification can be achieved in a relatively short period of boiling in the closed state 
with but a slight excess of caustic. 

When the charge is completely saponified and no longer réacts with a slight excess 
of caustic in the kettle, soap lye is pumped over from the third change of kettle D. 
While this lye is being added, constant agitation with open steam is maintained. The 
kettle is then grained-out with fresh caustic or [preferably] dry salt [or brine] and al- 
lowed to settle overnicht. 

Third Change. The soap lye which has settled out overnight from the second change 
in kettle A is pumped over to kettle B, which is being given its first change. 

Change No. 3 is then given to kettle A. As in change No. 2, the curd is closed up 
with water while being agitated with steam. To make doubly sure of complete saponif- 
cation, a small addition of fresh caustic is run into the kettle and boiling is continued 
for a short period while the kettle is in a closed state. 

Niger is pumped from storage into kettle A with constant boiling. The wash is built 
up to the desired size and the kettle is grained-out with brine or caustic or a combina- 
tion of the two, 
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It is to be noted that the relative concentration of NaCl and NaOH on this change 
will be the same as found in the neat soap after the kettle is fitted and settled. Hence, 
regulation of the relative NaOH and Na€l content of this change affords a means of ad- 
justing free NaOH or NaCl in the finished neat soap. 

When the wash has been built up to proper size and the kettle is grained-out, it is 
allowed to settle overnight. 

Fourth Change. The lye from the third change of kettle A is pumped over to keitle 
B for the second change of the latter. 

Change No. 4, the fit, is then given to kettle A. This is a critical operation and re- 
quires considerable experience in its accomplishment, since it is difficult to determine 
beforehand by analytical means the correct amount of water to be added. After the soap 
lye has been pumped from kettle A to kettle B, the curd is boiled on open steam and the 
proper quantity of water is added gradually to the kettle to obtain the type of fit desired. 
Webb‘** describes the fitting operation in detail, especially in regard to the types of fit 
fram coarse to fine. Roughly 4 or 5 lbs. of water, including steam condensate from the 
open steam coil, is required for every 100 lbs. of normal curd soap to obtain a “medium” 
fit. 

Hf too little water is added on this change, an extremely coarse fit is obtained which 
settles out little dirt and produces neat soap which is short in character and unsuitable 
for further processing. 

On the other hand, an excess of water produces a viscous, waxy mass which will 
settle out a niger only with difficulty. The soap handles poorly, if at all, on further 
processing. 

The trowel test as described by Webb*? is the best practical guide for the correct- 
ness of the operation. This is an empirical test depending on the degree of tackiness 
possessed by the kettle soap. Tackiness is measured by observing how hot soap dipped 
up from the boiling kettle slides from a tilted trowel. 

A definite correlation can be noted between the way the soap slides off the trowel 


and the type of fit. In coarsely fitted kettles, the thin layer of soap has a tendency to ¢ 
break up into flakes as it leaves the trowel and the surface of the trowel dries off almost / 
immediately. In finely fitted kettles, the soap is tackier and tends to drop off the trowel | 


without flaking, leaving the surface of the trowel greasy to the touch. In intermediate 
fits, the soap has less tendency to flake than in coarse fits and the surface of the trowel 
requires a few seconds longer to dry after the layer of soap has slipped off. 

With experience, a soapmaker can observe the progress of the fit by the appearance 
of the boiling mass of soap. 

Wigner® describes in detail a method of conducting the fit by adding a predeter- 
mined amount of water calculated from the proportion of electrolyte, anhydrous soap, 
and water present in the curd. This method appears to have good possibilities for quan- 
titative control purposes when properly standardized. 

If, by chance, an excessive amount of water has been added on the fit and the soap 
is too thick, this condition can be corrected by the addition of a small amount of salt 
or caustic. However, it is best to avoid such a condition, since the addition of extra salt 
or caustic during the fit will produce excessively large nigers. 

When the proper degree of fit has been obtained on kettle A, it is allowed to settle 
into the two layers, neat soap and niger. The period of settling will vary according to 
size of kettles, type of fit, and soap base. Large kettles take longer to settle than small 
ones. Fine fits require a longer settling time than coarse fits. Kettles containing rosin 


4a KE. T. Webb, Soap and Glycerine Manufacture, Davis, London, 1927. 
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in_the soap base require a longer settling period than straight tallow or grease-base 


kettles. 

After proper settling, the neat soap layer is pumped to storage or directly to proc- 
essing. When the neat soap has been entirely withdrawn, the niger is boiled up with 
open steam, and is pumped to niger storage for reuse in a succeeding kettle. 

If the niger is excessively dark, it may be cleaned up by an operation called a pitch. 
! This is done by diluting the niger with a small amount of water while boiling it with 
) open steam and then allowing it to settle. A dark sludge will settle to the bottom of the 
\ kettle. This mass is discarded, or, if it contains enough soap, it may be used as a soap- 
stock for a low-grade soap. The balance of the niger is pumped to niger storage for 


' reuse. 


(C) Taree-KettLte Unir OpPeration 


In the first change, saponification is carried out with fresh caustic, but is 
not pushed farther than about 95% of the fat in the charge and the lye 
must not contain more than the minimum allowable from the point of view 


TABLE XVIL-3 


Turee-Kerrie CounTERCURRENT Wash Pian? 


Day Kettle A Kettle B Kettle C 
1 Change No. 1. Lye to 

glycerine department _— Change No. 3. Lye to A 
2 Change No. 2. Lye to B — Settle 
3 Change No. 3. Lye to B Change No. 1. Lye to 

glycerine department 
4 Settle Change No. 2. Lye to C — 
5 Neat pumped Change No. 3. Lye to € Change No. 1. Lye to 
glycerine department ' 

6 Settle Change No. 2, Lye to A | 


7 Change No. 1. Lye to 


glycerine department — Change No. 3. Lye to 4 


of the standard of the maximum allowable per cent alkali in the spent lye. 
Consequently, this lye can be sent straight into the glycerine department. 
Since this lye is also the result of the first saponification, it is likewise suf- 
ficiently concentrated with regard to glycerine. The size of the wash may be 
regulated to an amount which will remove 70% or residual free glycerine? 
from the kettle as follows. Let us assume that we succeed in obtaining a 
quite “efficient” curd with only 35% entangled (occluded) lye. In this case, 
the curd will contain 65% soap and, correspondingly, 60% fatty acids. 70% 
of glycerine removal means that: 


100% 
Pre ee 70, hence x = 81.5 


the weight of curd being taken as 100 and the weight of the separated lye as.x. 
In absolute figures, conditions must be regulated as to have in the pan 
a total weight of 181.5 kg. of soap mass to every 60 kg. of fatty acids, from 
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which 81.5 kg. of lye should be separated. This can be expressed in other 
terms, namely, that a 70% glycerine recovery can be ensured in one wash 
when the proportion hetween the weight of the fatty acids to that of the lye 
separated amounts to | : 1.36. 

“In the second change, saponification is completed by closing the curd 
with water and boiling it in that state, with an excess of fresh caustic, for an 
hour. This wash is also built up to remove 70% of the residual free glycer- 
ine.”? This lye must be turned over to the second kettle in a countercurrent 
system for two reasons: first, because it contains more alkali than allowed by 
the standard; second, because it is too low in glycerine. 

“In the third change, this wash, unlike the first two washes, is built up 
entirely of fresh brine or caustic and added water. The removal of residual 
glycerine from this change is 50%.” 

100x 
35+ 

This time, to 60 kg. of fatty acid in the kettle there is 135 kg. of total 
weight, and out of this only 35 kg. of lye separate. Consequently, the ratio 
this time between fatty acid and lye is 1 : 0.7. 

“In the settle, the niger retains about one-third of the small amount of 
glycerine left at this stage.’ 

The following are the performance standards which can be accomplished 
when operating under the above flow plan, with a charge of tallow yielding 
10% of its weight in glycerol: 


- 50 


(1) Net kettle recovery of glycerine: 94% of theoretical.? 

(2) Ratio of pounds of spent lye to pounds of net kettle fat: 1.35/1.00.2 

(3) Concentration of glycerine in spent lye: 7% by weight.? 

(4) Production capacity per six-day kettle cycle: 24.5 lbs. neat soap per cubic foot 
kettle space.? 

(5) Ratio of glycerine recovery in the three washes: 70/70/50. 


(D) Grycrrtne Recovery AND THE KetTLe PLAN 


It is obvious that, when the ratio of glycerine recovery in the washes be- 
comes smaller, for instance, 60/60/40, the total percentage of glycerine recov- 
ery also becomes smaller, but at the same time the concentration of the spent 
lye in glycerine becomes higher. The 60/60/40 ratio means smaller lye-bulk, 
or, in other words, a smaller proportion of lye to a certain weight of fatty 
acid or fatstock in the kettle and vice versa. As stated when dealing with the 
production standards, the soapmaker must make up his mind whether in 
each case an additional glycerine recovery would still he a paying proposition. 
Fig, XVII-3° illustrates the point very well. 

A formula has also been advanced by Govan which makes it possible to 
calculate the highest practicable yield of glycerine when it has been decided 
which system of washes should be used under the countercurrent system. 


3 
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In his lecture, Govan’ adds to his explanation of 1942 the following 
consideration: 


Fig. XVII-3 (see also Fig. VI-4) shows a comparison of pounds of spent lye pro- 
duced per pound of fat charge at varying levels of glycerine recovery for both the in- 
dividual and the countercurrent wash systems. Each system employs three washes. 

Glycerine recovery from the kettles for the individual wash system is derived from 
the formula: 


300(L+M+N-LM-LN-MN+LMN) 
2+L+M+N-LM-LN-MN+LMN 


L, M, and N represent the fractions of free glycerine in the kettles removed in each of 
the three changes. 


% Glycerine Recovery = 


GLYCEROL = RECOVERY, PERCENT 


é 2 3 ¢ $s 
SPENT SOAP LYE, POUNDS, 
PER LB. FAT CONSUMED 


Fig. XVII-3. Glycerine recovery in the individual and the countercurrent wash 
system. Abscissa, spent soap lye in pounds per pound of fat consumed. Ordinate, 
per cent glycerol recovery. 


In like manner, glycerine recovery for the countercurrent system is derived from 
the formula: 


_ 2002 (0.9 -0.9N + 1.4MN +0.1M) 
2-2N +2MN -2M+2~LM+LMN 


The letters L, M, and N represent the fraction of free glycerine removed on the Ist, 
2nd, and 83rd changes respectively. 


% Glycerine Recovery 
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Saponification in the countercurrent system is taken to be 90% complete in the first 
change and 100% complete in the second change. For simplicity, saponification in the 
individual wash system is taken to be complete in the first change. 

In both systems, the composition of the curd is assumed to be 62% anhydrous soap 
and dissolved solids and 38% aqueous. The lye layer is taken to consist of 10% dis- 
solved solids and 90% aqueous. On the settle, the distribution of glycerine between the 
neat soap layer and the niger is taken to be in the ratio two to one. 

The ratio of spent lye to fat charge for each definite glycerine recovery is calcu- 
lated using the above compositions for curd and soap lye. 

For illustration, the values for L, M, and N used for the countercurrent flowsheet in 
Fig. XVIL-2 are 0.67, 0.71, and 0.66, respectively. On substituting these values in the 
above formula for countercurrent glycerine recovery, the percentage of glycerine recov- 
ery from the kettles is found to be 94.7%. The ratio of spent soap lye to fat charge is 
61,400 Ibs. lye to 50,000 Ibs. fat, or 1.23 lbs. of lye to 1 Ib. 

It may be pointed out for greater clarity that the fractions Z, M, and N are deter- 
mined from the composition of the curd and the soap lye. With reference to the flow- 
sheet in Fig. XVII-2, the amount of water plus glycerine on the first change is 27,600 Ibs. 
in the curd and 55,200 lbs. in the lye. The total water plus glycerine in the kettle is 
therefore 82,800 Ibs. The amount in the lye, 55,200 Ibs., is the fraction 0.67 of the total 
amount of water plus glycerine in the kettle. Therefore, fraction L equals 0.67 in the 
first change. Fractions M and N are derived in the same manner for the other charges. 

Other points in the curves are derived in the same manner as in the above illustra- 
tion. However, it must be noted that in the individual wash system the total amount 
of spent soap lye produced per kettle is found by adding together the three washes. 

An inspection of Fig. XVII-3 indicates that a 95% kettle recovery of glycerine is 
practicable for the full countercurrent system of washes, whereas only 85-90% appears 
to be the practical limit for the individual wash system. 

Even at the level of 85-90% recovery in the individual wash system, costs of treat- 
ing and evaporating the spent lye produced are considerably more than for a 95% kettle 
recovery in the full countercurrent system. 

Therefore, it appears that it is advantageous to use, wherever possible, the full 
countercurrent wash system instead of the individual wash system. .. . 

It is felt that the derivation of the equation used for estimating glycerine recovery in 
the full countercurrent system will be of value. This is given below: 


Let L= fraction of free glycerine in kettle removed by first wash. 

M = fraction of free glycerine in kettle removed by second wash. 

N = fraction of free glycerine in kettle removed by third wash. 

a= glycerol in niger. 

s= glycerol bound in unsaponified portion of fat charge in first change. 
y = glycerol in the lye from a second change. 

z= glycerol in the lye from a third change. 

R= fraction recovered of available glycerol in the fat charge. 

l= available glycerine in the fat charge. 


Then 
R=L(l-sty) a) 
y=M(l—D) (l—sty)+stz (2) 
Paes INGA) (UIE) (US sea) bark ar eaarces (3) 
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Solving (2) and (3) simultaneously, the following value for y is obtained: 


ner (Le) Sd - bale a 
=4 \°"S* 74+ MN-M+LM) Y~ 1-N-MN-M-+LM 


Solving (4) and (1) simultaneously, the following value for R is obtained: 
all ere MUl-L+2s5+Na) 
RSE ee era car ee) 


Now if it is assumed that the charge of fat is 90% saponified on the first change, then 
the fraction s representing the glycerol bound in in the unsaponified fat is 0.1, and (5) 
becomes: 


(5) 


(6) 


Mil 0.9L +N 
R=1 (0.9: 1(1-0.9L + Na) ) 


1-N+MN-M+LM 
Now if it is assumed that on the fitting change the free glycerine is divided between the 
niger soap and the neat soap layers in the ratio of one to two, respectively, then since the 
glycerine in the niger is represented by a, the glycerine in the neat soap can be repre- 
sented by 2a. It then follows that: 


R={i-2e or a=(l-R)/2 (7) 


where R is the fraction recovered of the available glycerol, 2a is the glycerine lost in the 
neat soap, and / is the available glycerine in the fat charge. Solving (6) and (7) si- 
multaneously, the following value for R is obtained: 


Rasp —0.9-0.9N+14MN+01M a 
“<" 2-2N + 2MN — 2M +2LM + LMN 


Multiplying both sides of the equation by 100: 


0.9-0.9N +14MN + 0.14 
2-2N+2MN -2M+9LM+LMN 


which is the recovery formula for the full countercurrent wash system. 


(9) 


% Recovery = 200L 


(E) Usk or AN AUXILIARY KETTLE 


Another kettle plan should be discussed at this point to demonstrate 
how local circumstances may alter the way in which production is carried out. 

In a soap factory where mainly household soap containing 507% coconut 
oil and 50% peanut oil is produced and where the main consideration is 
kettle output rather than maximum glycerine recovery, quite a different 
kettle plan has been adopted. 

There were 4 large kettles with about 110 cubic meters total kettle space 
and 2 smaller kettles with 30 cubic meters additional space. Peanut oil 
for the fat charge originated from different sources: soapstocks, foots recov- 
ered from spent bleaching clay, and other soapery foots and purified peanut 
oil, The practice was to treat the dark soapstocks and foots in the smaller 
kettle by saponification, and by several brine washes when necessary. In this 
case, only the first lye was sent into the glycerine department, care being taken 
that no large excess of alkali was left in them. In the meantime, the niger 
left in the large pans with its excess alkali was neutralized by boiling with 
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some peanut oil, On the same day, some of the peanut soap produced from 
soapstock or foots was pumped over into the large kettle, strenethened by 
boiling with some additional lye, and grained with salt. The next day the 
coconut oil was pumped into the curd in the large pans, saponified, and fitted. 

In this way, good neat soap in a suitable proportion of fat in neat to niger 
(2/3 to 1/3) was withdrawn from the large kettles every second or third 
day. Ina kettle space of 140 cubic meters, 383 tons of best quality household 
soap were produced during one month. ‘These figures, calculated on a six- 
day or one working week kettle cycle, allow for the production of 680 kg. per 
cubic meter of kettle space. In comparison to the countercurrent kettle plan 
which yielded a production capacity of 390 kg. per cubic meter only, the 
second plan ensures a much higher performance. However, it must be borne 
in mind when drawing conclusions that the second plan yields a very poor 
glycerine recovery. Such a plan should be adopted only when production is 
rather forced, where sufficient kettle space is not available, and finally, where 
glycerine recovery, for some reason or another, is not very important or is 
not a paying proposition. It must also be stressed that the household soap 
produced by the second kettle plan always contained up to 1.5% glycerine 
and that a high glycerine content in soap is known to be undesirable in cer- 
tain circumstances. 


(F) Tue Russian Kerrte STANDARDS 


It is of interest to note the developments which occurred in the soap in- 
dusiry of Russia during the years just preceding World War II when that 
country had to produce soap for a very large population without sufficient 
equipment. The soap industry, like others in Russia, is organized on a na- 
tional basis and production plans are formulated and executed accordingly. 

At a national conference of the soap industry, production and kettle 
plans were discussed and a minimum performance standard was adopted and 
made obligatory. These performance capacities were worked out for four 
different sizes of soap kettles, ranging between 60 and 200 cubic meters. 
The Russian standards specified for these four sizes of kettles and for the 
various operational details are reproduced in Table XVII-4.°* 

Very great efforts were made by Russian soap technologists in the follow- 
ing years with the object of increasing the efficiency of their equipment even 
further, A summary of these efforts appeared in Tosseiyev’s General Course 
of Fat Technology.® 

The need for a lengthy settling of the soap mass when obtaining the neat 
layer above the niger, the fact that the latter comprises only one-fourth of the 


52, Kasatkin, Masloboine Zhirovoe Delo (1936), 355. 
5b G, S. Tosseiyev, General Course of Fat Technology, Moscow, 1940, p. 518. 
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entire capacity of the pan, and the fact that only 85% of the total fat charge 
goes into the neat soap—all greatly decreases the output of the pan—the out- 
put of neat soap per cubic meter per 24 hours. Actually, until recently, in 
Russia, this output was only 0.17-0.20 ton. In European countries, because 


TABLE XVII-4 
Russtan KETTLE STANDARDS®2 


Allowance in hours, for curd soap 


Loss of time 
Saponifi- Analysis and Removal for cleaning, Total 


Category cation adjustment of soap repairs, and allowance 
transition 
I 6 5 Iles 0.5 13 
II qi BHA 2.5 1 16 
Tt 8 6 4 il 19 
IV 10 6.5 5) 1.5 23 
Allowance in hours, for neat soap 
: A ; Loss of 
Saponi- Salting- Sy Fee Bane Salting-out ,; Total 
Category  Feation aT Fitting Settling Removal bee ee ete seeds 
I 6 4.5 PAS) 24 ibs) BS) 2 44 
ia 7 5 3 26 2S) es) 3 30 
Ti 8 QS 3.5 28 4 4 3 56 
IV 10 6 4 30 5 4 3 62 
Category I up ta 69 cu. meters 
je _..__ 61-100 cu. meters 
= _.... 101-150 cu. meters 
LV, =O ___._..._ 151-200 cu. meters 


The following yields, in tons per 1 cu. meter kettle capacity per 24 hours, were ac- 
cordingly established: 


Category Curd Neat 
I 1.477 0.273 
I 1.28 0.24 
Tit 1.01 0.214 
IV 0.83 0.194 


These standards were calculated for carbonate saponification of 75% of all free 
fatty acids, rosin, etc. of the fat charge. Output of ready soap taken as 80% of kettle 
capacity for curd, 50% for neat (for square kettle the curd output has been fixed at 
75%). 


of the use of coconut oil in the fat charges, and the necessity to allow longer 
settling times, the output per pan is lower than the figures mentioned above. 

At the production conference of 1936 in Russia somewhat higher stand- 
ards of net neat output were established---0.19-0.27 ton per cubic meter (de- 
pending on the capacity of the pan). This should have been achieved 
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through increased filling of the pans in the saponification process, and a de- 
crease in settling time. Although these standards are a step forward, they 
still constitute an inadequate exploitation of the output possibilities of the 
pan. 

Just before the war some Russian factories have achieved a considerable 
increase in pan output through a rational utilization of its capacity and 
through a change in the condition of boiling. When the soap mass is settled js 
in the pan after partial salting, the main part of the niger settles en 
quickly, in 1-3 hours, while the settling of the rest of the niger takes a longer 
time. Therefore, Chalevsky®*® proposed removing the part of the niger al- 
ready settled from the pan after the partial salting, without waiting for com- 
plete settling. The vacated capacity of the pan is refilled with soapstock and 
also with neat obtained through salting-out and fitting (in an auxiliary pan) 
of soapstock, raw soap, niger from previous boiling, etc. Later, the soap is 
fitted and settled for a short period, as the dirtiest niger has already been 
removed. In this way, the output of the pan is increased through its supple- 
mentary charging, which takes the place of the removed niger. Besides, it is 
increased through the parallel treatment of the niger, soapstock, etc. in the 
auxiliary pan, while previously this was done in the main pan. All this helps 
toward a considerable increase of output up to 40% or more. 

As a further development, Moisseyev” proposed, instead of salting down 
to spent lye as in the indirect boiling method, salting in such a concentration 
as to bring about separation into three phases—neat, lye, and niger. After 


i 


two to three hours settling, the spent lye and the main mass of the niger are 
removed to the auxiliary pan where soapstocks are treated. Their neutral fat 
combines with the free alkali of the spent lye and the niger. The liberated 
capacity of the pan is refilled with offal and neat obtained in the auxiliary pan 
from soapstock, rosin soap, and niger, after which fitting is carried out, which 
usually requires a short setiling period of about 15 hours. 

A further increase in pan output, according to a proposal of Bogod,* is 
achieved through increasing the concentration of the unsettled soap before 
fitting, Usually, such unsettled soap contains not more than 50-52% fatty 
acids, as a high concentration makes it too viscous and renders final opera- 
tions difficult. It is possible, however, to overcome this by choice of concen- 
tration of electrolyte in the soap mass. For the usual fat charges used, this 
decrease in viscosity is achieved at a total NaOH + NaCl of 0.9% instead of 
the usual 1.2-1.4%. The Na.CO, content is 0.4-0.7%. Thus, the fatty acid 
content of the unsettled soap, before fitting, is raised to 55-56% and higher 
without increasing its viscosity. After settling of the soap fitted under these 
conditions, the content of niger and its fatty acid content are decreased, to- 
gether with the duration of settling (12-15 hours). All this brings about a 
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considerable increase in output (100% and more) as compared with the 
1936 conference standard. 

The following kettle performances are claimed by the various Russian 
authors for their respective boiling systems. 


Chalevsky: 350 kg. of neat soap per cubic meter of pan capacity in 24 hours in vats 
of 60-100 cubic meter size. 

Moisseyev: 338 kg. in 24 hours in a 100 cubic meter pan per cubic meter, or 450 
kg. in 24 hours in the main pan when not counting the auxiliary kettle. 

Bogod: 770 kg. per cubic meter in 24 hours. 


CHAPTER XVITM 


SETTLED SOAPS 


(1) Curd Soups Settled on Clear Lye 


Settled soap may also be called curd soap boiled on clear lye, owing 
to the method of finishing applied. Such soaps were manufactured in the 
past, before the introduction in the industry of such raw materials as coconut 
oil or the other fats containing low molecular fatty acids. Finishing by par- 
tial salting-out is only a comparatively recent development, while, in the past, 
it was regarded as quite satisfactory to have the finishing of the soap done by 
complete salting-out and the product settled finally on the clear lye. In fact, 
it would yield quite an oversalted curd if the same thing were tried with 
a fat mixture containing a high proportion of coconut oil. On the other hand, 
it is known that it is not a simple matter to fit the soap of an oil having a very 
low F.L.C., and it will be recalled that Merklen, in his classical experiments, 
reported that he was unable to achieve proper fitting with certain soaps, just 
as he had difficulties in salting-out completely the soaps of coconut oil. 

There is another reason why, in certain cases, the soapmaker prefers to 
finish his soap ‘“‘curd” on clear lye instead of by the process of fitting. Low 
titer fats or oils generally yield soft soaps when finished by fitting and it was 
found that the same soaps become much harder when boiled on strong salt 
lyes. It is also possible, by this practice, to produce a curd soap containing 
a higher percentage of fatty acids than was thought possible when using the 
ordinary finishing procedure normally applied in the full-boiled process. 
The higher fatty acid content may be responsible for the hardness of such 
soaps boiled on strong salt lyes. In view of the discovery of kettle wax areas 
in the phase diagram by McBain and co-workers, we tend to suppose that this 
kind of hard soap probably consists of soaps belonging to one of the kettle 
wax “islands,” such soaps consequently being neither neat nor curd soaps. 
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Wigner® reports that in one instance an attempt was made by him to boil 
peanut soap on salt solutions of gradually increased concentrations. This 
was done in the hope of obtaining a harder soap than generally produced 
when peanut oil is saponified and grained. No marked effect was obtained, 
however, until the strength of the salt solution approached 17%, but con- 
tinued boiling on this lye produced a soap of satisfactory hardness. It will 
be remembered that Wigner’s 66% rule implies that for a certain set of salt 
concentrations in the lye and in the corresponding curd there is only one fixed 
fatty acid concentration possible in the curd. In this mixture of the hard pea- 
nut oil soap boiled on 17% salt solution, the corresponding values, however, 
did not fit in the 66% rule and as an explanation for this phenomenon Wigner 
erroneously suggested that this particular soap contains a pure soap hydrate 
with 70% instead of 66% fatty acids. This could be understood as stating, 
in other terms, that this particular soap belongs to an altogether different 
soap phase and that this would account for its different properties. 


(A) Typicat Fat CHarcrs For MAxkinc Curp Soap 


Tallow-palm oil 50:50. Red oil-tallow-rosin 50:20:30. Tallow. Palm 
oil. Olive oil. 


(B) Tur Procrss 


(a) “Killing” Change—Saponification. With curd soap, the pan is 
always empty and it is the fats which are charged into it first and melted 
with direct steam. When only fat is in the kettle and boiling is conducted 
over an epen fire, it is necessary to start saponification with diluted lyes. 
Nowadays, however, when steam is blown first into the fat charge, there is 
always enough condensed water in the kettle to dilute the strong lye on en- 
tering. It is difficult to state for each case the exact strength of the caustic 
lye required at the beginning. It depends very much on the nature of the fats 
used in the charge. It has been pointed out on several occasions that the 
L.L.C. of the different fats varies considerably, and it is this concentration 
which should never be exceeded in the kettle, at any moment, in order to 
keep the mass in a “closed” state. For this reason also, the lye should not 
be charged in a continuous stream, but should rather flow over some kind 
of distributor which sprays the lye all over the pan surface in uniform 
droplets. 

The caustic solution is generally stored at a concentration of 38° Bé and 
can safely be used as such, even at the beginning, provided that, at the very 
start, the fat charge had been thoroughly boiled through with open steam, 
with sufficient condensed water formed, and provided further that the lye is 
charged in small portions and well distributed as described. There is also 
less danger of losing the closed appearance of the boil if the charge contains 

6 J. H. Wigner, l.c., p. 40. 
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considerable amounts of free fatty acids and, in the latter case, the addition 
of strong caustic can go on at a quicker pace than when only neutral oils are 
present. Nevertheless, in most soaperies, the first batch of alkali run into 
the kettle is kept at a strength of 15° Be even when open steam boiling is 
practiced. 

We have dealt, on several occasions, with the conditions which must be 
controlled in order to obtain a well ordered saponification process (see Chap. 
II, 6). It will be remembered that the initially formed soap is known to 
act as an emulsifier provided that sufficient water is present as a guarantee 
against separation into the components. The soap acts as a catalyst, the 
saponification reaction taking place within or on the surface of the soap 
micelles. Electrolyte-free soap solutions tend to be rather viscous, and it is 
for this reason that the pan contents, at any moment of the boil, must be pro- 
vided with a certain minimum amount of nonreacting electrolytes. Caustic 
would act as a conditioner for easy boiling for a certain restricted period 
only, because it would gradually be spent, leaving the pan contents without 
electrolytes, so that the mass would again become viscous and heavy-boiling. 
It is for this reason that some soapmakers choose to “reduce” their caustic 
lyes by adding a certain amount of soda ash. The addition should not exceed 
9%, since more than this would probably upset the normal course of the 
process. It has been stated by certain soapmakers that curd soaps turn out 
to be of a better consistency when “reduced” caustic lyes containing soda ash 
had been used. It is, of course, obvious that the addition of a salt solution 
in cases of emergency would also help to thin out the boiling mass, but there 
seems to be iruth in the statement that salt-reduced lyes produce somewhat 
more brittle soaps. 

A further portion of caustic should only be added when the former por- 
tion had already been absorbed by the boiling mass and the mass remains in 
a well “closed” state. We can distinguish this state from the other, unde- 
sirable, open condition by taking out a sample of the soap on a well-warmed 
wooden paddle and observing that the mass runs down in form of a homo- 
geneous plate, but not in drops or curdled granules. 

Excessive heat should not be employed, for this would obviously not be 
a good condition for the forming of an emulsion. The open steam, at the 
beginning, is, in fact, used less for heating than for agitating purposes. It 
is therefore difficult to say how strongly the mass should be boiled at the be- 
ginning. Low temperature aids emulsification. 

Once emulsification has set in, the boiling mass becomes of milky white 
appearance, which gradually gives way to a darker translucent aspect, with 
saponification progressing steadily. Approaching the end of the saponifica- 
tion process, we enter the danger zone of bunching (see Chapter XVII). 
Bunching occurs when no caustic or electrolytes remain in the almost totally 
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saponified fat. At the slightest sign that bunching has set in. one should not 
hesitate to add at once some more caustic or any other electrolytes at hand. 
It is always easier to dispose of the excess chemicals in the soap than to cor- 
rect a mass of bunched soap. As a preventive measure against bunching or, 
more generally, against excessive viscosity of the soap mass, it is advisable to 
add to the mass at this stage some 2° Bé salt solution. It should be pointed 
out that it would be a great mistake to attempt to prevent or even to disperse 
thick or bunched soap by mixing water into it, since the phase diagrams in- 
dicate clearly that in such cases the formation of middle soap will occur. 

The necessity of employing quantitative methods should again be empha- 
sized. The soapmaker will know from his records the exact quantity of sa- 
ponifiable fats he is to treat and also the amount and strength of caustic 
soda he is going to employ for saponification. It has been good practice to 
run in the caustic solution from a tank in which provision for exact measure- 
ment of the quantities is made. 

A manometric gage attached to the kettle also greatly aids the attendant 
in judging the exact amounts of materials involved at any moment in the 
process. 

With an eye on the indicator of the caustic container tank, the operator 
can see at a glance when the process of saponification is approaching its con- 
clusion. No matter how exactly the calculation and weighing of fats and 
lyes were performed, it is impossible to conclude the saponification by adding 
the exactly calculated amount of caustic to the fat. The smallest differences 
in the determination of the saponification value of the fat charge, or a minute 
variation in the measured strength of caustic lye, will upset the calculation. 
Consequently, when the measured amount of caustic soda is run into the 
kettle, the soapmaker knows that the kettle contents must, at this stage, be 
very near the point of complete saponification. At this stage, the soapmaker 
carries out a few practical tests. 

(a) A sample is taken from the pan on a well heated paddle and its consistency 
and appearance are examined. The sample should slide down the inclined paddle in a 
homogeneous, somewhat thick, gluey and transparent mass. 

(b) A sample is taken from the paddle and is kneaded between thumb and fore- 
finger. On cooling, the soap should be of a certain cohesive consistency and not a 
brittle, crumbling, or soft mass. 

(c) A small quantity of soap should be clearly soluble in distilled water (no un- 
saponified fat present). Another test for unsaponified fat, when present, is the follow- 
ing: a small quantity of soap of the size of a shilling or a quarter dropped on a glass 
plate, on cooling, displays grey rings at the periphery. 

(d) Tasted at the tip of the tongue, it should have a definite bite (free caustic 


present). 
(e) Tested in alcoholic solution with phenophthalein, it should develop a pink color. 


The bite test of the soapmaker is not an exact method for finding the real 
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alkalinity of the soap and is not a substitute for exact laboratory analysis as 
described later. 

The use of thymolphthalein as suggested by Wigner gives a very distinct 
end point in the presence of Na,CO,. Lyes containing 0.01 to 0.02% 
caustic soda colors the indicator paper a faint blue, and 0.1% turns it into 
a definite blue color. Pale blue indicates the proper concentration of free 
caustic at the end of the saponification process. 

Suppose the tests, as explained, do not show the presence of free alkali, 
then, of course, some alkali should be added at once and the boiling con- 
tinued. If the repeated test now shows that at last some free alkali is present, 
the boiling should be continued until repeated tests prove that the alkaline 
reaction does not disappear. At this stage, the soap is also clearly soluble in 
distilled water. However, should the bite or the indicator reaction show that 
the soap contains too large an excess of caustic, then some fatty acid or 
neutral oil should be added and boiled until the excess alkali is again con- 
sumed. As an ideal condition, we must regard a state in which all fat is 
saponified and the mass containing not more than 0.1-0.3% NaOH. 

The following are some practical tests for complete saponification and 
proper alkali content of the soap: 


A drop of the soap of the size of a large coin deposited on a glass plate should re- 
main clear and transparent for a short while, but gradually, on cooling, it should lose its 
iransparency and become stuck to the plate. 

No fluid should separate from the solid part during and after cooling; when such 
fluid separates, it is due to excess alkali and it is called, in the practical language of the 
soapmaker, a lye ring. Soap is more susceptible to excess electrolyte in the cold than 
when still in the hot state and it is for this reason that the lye separates after cooling, 
while no separation of the lye ring takes place in the hot soap sample. When a lye ring 
is observed, the soapmaker must make a correction by adding some fat to the kettle. 

The test should also not show a grey ring (or fat ring) on cooling which indicates 
the presence of unsaponified fat. 

The completely saponified and sufficiently alkaline soap should be a clean, homo- 
geneous, and fairly viscous solution which should spin in long threads when running 


down from a hot wooden paddle, and also form threads between thumb and forefinger 
when tested before cooling completely. 


By proper regulation of the process it is possible to saponify the fat 
charge in one change (see Chapter II for discussion of the necessity of a 
separate strengthening change). However, circumstances sometimes pre- 
vail, which cause the attendant to decide to apply one or more additional 
changes. This becomes necessary when dark fats are used or when thorough 
glycerine recovery is regarded as essential. In such cases, there is no dis- 
advantage to leaving a small amount of unsaponified fat at the end of the 
first change, since this small quantity can then be easily saponified on the 
occasion of the second change. 
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For the saponification of the last traces of fat, it is advantageous to have 
the last portion of the caustic charged at a high concentration, preferably 
above 30° Be (this, of course, depends again on the electrolyte susceptibility 
of the particular fat) into a fairly thick gluelike soap. This consistency 
should not be pushed too far, and it is an important rule that the soap mass 
must always retain its fluidity. Control is maintained by adding small quan- 
tities of water and brine. However, it must be borne in mind that too much 
water may cause an excessive increase in the lye bulk, resulting in increased 
cost of glycerine recovery. 

In any case, utmost care should be taken not to add, at this stage, too 
much caustic, salt, or any other electrolytes, and it should be made a rule 
that for the final saponification the soap mass must remain absolutely 
“closed.” 

The practice of boiling the soap with strong alkalies in a separated state 
for long periods of time in order to saponify the last traces of fat has been 
abandoned in modern factories, as it does not accomplish its purpose. The 
“strengthening change” (see Chapter 11) as formerly used can now be dis- 
pensed with, since boiling with steam has been introduced everywhere. It has 
been explained that boiling in the open state with excess alkali was only nec- 
essary in the past in kettles heated with direct fire in order to prevent the 
scorching of the soap on the directly heated surface. Soap in the open 
state is separated into soap hydrate and lye and it is always the water of the 
lye which is in direct touch with the kettle walls. 

(b) First Change—Graining. The totally or partially saponified soap 
mass is now retested. When its appearance is normal and it possesses sufh- 
cient “fluidity,” it is ready for salting-out. As has been explained, in order 
to obtain an efficient curd it is absolutely imperative to salt-out the curd on 
a lye whose concentration does not exceed considerably the L.L.C. of the 
particular formulated fat mixture. An “oversalted” curd not only contains 
too much salt, but is also low in fat and retains too much entangled lye. Such 
an inefficient curd has a negative influence on the process of glycerine recov- 
ery and will also cause the curd to retain too much electrolytes, yielding a 
hard, brittle or sharp soap. 

After many years of experience, the soapmaker is able to judge by the 
appearance of the boil and of the soap sample on his paddle whether or not 
the graining is carried sufficiently far. It is convenient to use dry salt in 
order to avoid further dilution, but it is necessary to spray the dry salt in 
small batches on the surface and give the salt sufficicnt opportunity to dis 
solve and to disperse throughout the contents of the kettle. The quantity of 
salt to be added depends on: (a) the L.L.C. of the fat mixture; (6) the elec- 
trolyte content of the mass at the moment before graining is started; and 
(c) the water content or state of dilution of the pan. Brine has the advantage 
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of containing the salt in well-dissolved form, and there is no danger whatso- 
ever of the dry salt upsetting the equilibrium at some isolated point of the 
kettle space by escaping for a time the dissolving action of the water. Brine 
lends itself also for easier measuring; it can be stored in a tank and the 
quantities pumped or conveyed into the soap kettle can be measured at a 
glance on the indicator. 

Both brine and dry salt should be added while vigorous boiling is main- 
tained in the keitle. It is only in the well-boiling kettle that the salt is able 
to display its full graining action. It should be borne in mind that electro- 
lytes show different degrees of graining action at different temperatures. Salt 
should be added in batches and a sufficient period of boiling allowed before 
a new batch is added. Under no circumstances should the whole amount of 
salt be dumped into the kettle at one time. 

As graining progresses, the heavy mass begins to boil in a less viscous 
manner. When completed, the appearance of the surface changes completely. 
The curd appears on the surface in a system of plates separated by furrows, 
which constantly disappear in the mass and re-form again on the surface, 
causing the “surface phenomenon” referred to by the soapmaker when he 
remarks that “the soap boils in plates.” 

When the surface of the soap becomes rough and furrowed so that a 
sample taken on the paddle shows it to be heterogeneous, and when the soap 
stops sliding off the paddle in translucent and coherent sheets, it becomes 
evident that separation has set in. From this moment onward, great care 
must be taken to boil thoroughly before any new addition of salt or brine is 
made and only small amounts of salt should be added, since otherwise the 
risk is run of oversalting the boil. The proper appearance of the boiling 
surface of the soap at the moment when it is sufficiently salted-out has been 
compared to milk curd, but it seems that it can more adequately be described 
as a white wool-like mass. When a sample is taken on a paddle, the soap curd 
separates in fairly large white grains, from which clear lye separates and 
trickles down when the paddle is held at a sloping angle. The operator 
should make sure at this point that the appearance of the soap does not change 
when boiling is continued. It could happen that the curding of the surface 
was obtained as a result of the salt having been locally concentrated. In such 
cases, continued boiling causes the dispersion of the local salt concentration, 
and a deficiency of salt again becomes evident. It might well be that some- 
where in the mass there exists undissolved or undispersed salt, but prolonged 
boiling with open steam might lead to excessive water condensation and the 
dilution of the pan contents would then necessitate the addition of a new 
batch of salt. 

Oversalting is manifested in the curd when its woolly appearance changes 
and assumes the character of small. hard, and transparent globules. This 
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condition can be corrected by adding some water and boiling the water well 
through the mass. 

Instead of the somewhat haphazard method of salting-out described, a 
more rational quantitative method can be employed. Salting-out should be 
carried out in the manner explained in the appendix for experimental boils. 
The exact quantities of material involved in the operation’can be ascertained 
at any moment if the weight of fats, alkali, and salt charged into the kettle are 
known. By the use of the manometric weighing gage, the total weight of the 
mass in the pan can be ascertained easily. The difference between the known 
weight of the charge and the total weight of the pan contents expresses, at 
any moment of the operation, the weight of water added or condensed. 

After the lye has settled out and run off, the weight of the curd can be 
taken with the help of the gage and the “efficiency” of the separation calcu- 
lated (see Chapter XVII, Section 3). 

(c) Additional Changes or Washes. Whenever it has been decided to 
apply one or more additional washes for any of the above mentioned reasons 
(further purification of the soap, recovery of glycerine, etc.), they should be 
carried out according to a definite plan. 

As an example for such a plan the countercurrent procedure cited in Chap- 
ter XVII should be considered. In the case referred to, 6 tons of fatty acids 
were saponified and grained-out with such amounts of water and salt that 
10 tons of soap separated from 8.15 tons of lye. The experiment having 
been made with tallow, it is to be presumed that the lye contained about 7% 
salt. The lye, consequently, consisted of 570 kg. of salt and 7.58 tons of 
water plus glycerine. After the 8.15 tons of lye had been drawn off, it was 
decided to establish again the same proportion between curd and lye in the 
second wash. The only thing to do was to weigh the first curd, and when 
its weight was correctly found to be 10 tons, to add 8.15 tons of lye contain- 
ing 570 kg. of salt to the kettle. After sufficient settling time the weight of 
the resulting curd was again approximately 10 tons. In the third wash, ac- 
cording to plan, only 3.5 tons of lye had to be separated. Consequently, to 
the 10 tons of curd in the kettle, a solution of 245 kg. of salt in 3255 kg. of 
water had to be added. 

Here, again, dry salt or brine could be used. Calculation with dry salt is, 
of course, simpler. When brine is used, it may be calculated from its satu- 
rated solution which contains 26% salt. Calculated for brine, the lye consists 
of 942 ke. of brine and 2558 kg. of water, the formula for calculation being: 
100x x Dry salt 

2a 

The salt solution should be boiled through with the previous curd by open 
steam before being allowed to settle. Prolonged boiling, of course, could 
cause the dilution of the mass with condensed water and upset the graining 


Amount of Brine Necessary = 


XVII. SETTLED SOAPS 341 


process. At the end of each wash, care should be taken that the lye or the 
soap produces a slight bite or that it contains sufficient free caustic to tint 
thymolphthalein paper pale blue. 

(d) Finishing curd or “Boiling Clear.” The curd finished by salting-out 
in the normal way does not yield a soap with suitable marketable properties. 
The most eflicient curd—even after prolonged settling, and containing the 
minimum of entangled lye—would produce, on solidifying, a brittle, foamy, 
softish cake of unsuitable consistency. In order to avoid this, the soap mass 
must be boiled for a prolonged period, before the salting-out takes place, 
until the foamy appearance of the mass disappears or, as is done in most 
cases, the curd must be boiled through in the lye after the formation of the 
curd by graining has been accomplished. In European practice, the latter 
process is called boiling clear. 

Boiling clear is carried out with the open steam coil shut and heating 
with direct fire only, or, in modern plants—-with a closed steam coil. At the 
start, the lye concentration is equal to or slightly higher than the correspond- 
ing L.L.C. of the fat charge. As a result of this boiling a number of phe- 
nomena take place simultaneously. First, the air bubbles attached to the soap 
globules are detached and driven to the surface, where they form a foamy 
layer which slowly dissipates during the prolonged boiling. As a result of 
this, the volume of the pan contents increases considerably, and in order to 
ensure sufficient space it is sometimes necessary to eliminate part of the lye. 

With the disappearance of the foam, the color of the curd becomes darker 
and more translucent, and the individual soap globules acquire a tendency to 
liquefy on standing, thus producing a soap aggregate of much more uniform 
character than when the soap is prepared without the boiling clear operation. 
Covered kettles should be used during this operation or the kettle should be 
covered temporarily with wooden boards in order to have the surface well 
under steam; when, because of the rising of the foam layer during the boiling, 
the danger of the kettle boiling over becomes imminent, the attendant may 
open one or two of these boards to enable him to agitate and cool the surface 
with a paddle. 

The end of the boiling clear operation can be detected by the clear and 
darkened appearance of the soap globules as well as from the manner in 
which the boiling proceeds. At this stage, the mass becomes so dense that 
the steam breaks through the surface with great difficulty. Simultaneously 
with the process of foam elimination, a gradual concentration of the lye takes 
place. It is the proper control of this concentration process on which the 
whole act of the boiling clear depends. In fact, when looking through the 
literature, quite divergent yicws are found as to the proper final concentra- 
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tion to which the boiling should be pushed. Ubbelohde and Heller’ 
mention an example of a tallow soap which has been salted out on a lye con- 


taining: NaOH 0.96%, Na,CO; 0.82%, NaCl 5.34, The corresponding soap 
had the following analysis: 


Fatty acid hydrates _.. coe Coes Roem 57.83 % 
INYE): eee ele araeoes ees. errr 4.78% 
INEXCH| 5 Seamer inenae nae ae. J 1.49% 


After the boiling clear the lye contained: NaOH 1.01%, Na.CO; 0.93%, NaCl 
6.01%. The pure curd, after the boiling clear, had the following analysis: 


Fatty acids plies See _ 57.93% 
ING Reece hee eS. eRe uM 4.72% 
INEXCI|\, Gees. Ek a e 0.15% 


It is remarkable that, although the lye had been concentrated only to an 
extent of about 10%, the electrolyte contents of the soap had fallen in the 
course of the process to about one-tenth of the electrolytes originally present 
in the grained curd. 

In other instances, authors mention a far higher ratio of concentration as 
desirable when boiling clear. Davidsohn™ states: “The lye should have, in 
the hot state, a concentration of 16° Bé. Should the concentration remain be- 
low that strength, it is advisable to add to it some salt or brine. A concentra- 
tion over 18° Bé should be lowered, however, by the addition of water.” 

The true purpose of boiling clear is defined by Thomssen and Kemp:* 


The object of a soap which is finished “curd” or grained, is to obtain a harder piece 
of goods from a low titer fat or to increase the percentage of fatty acids in the finished 
soap. This is still another method of producing a cheap grade of soap as by its adoption 
the cheaper oils and fats may be used to obtain a firm piece of soap. 

A typical charge for curd soap is: 


Red oil .. .... aie : 63 parts 
Tallow ae 10 
Rosin Specs. § ail 


Cottonseed foots may be employed in place of red oil and a tallow of too high titer 
is not suitable for this kind of soap. 

The red oil and tallow are first saponified with 15° Bé lye, boiler pressure 80-90 
pounds, 18° Bé lye for lower steam pressure, and two washings given to extract the 
glycerine. The rosin is added at the strengthening change and at the finish the soap 
is “pitched,” that is to say, the soap is settled overnight only. The next day the lyes are 
drawn off and a portion of the niger pumped to another kettle which prevents later 
streaking of the soap. 


7L. Ubbelohde and H. Heller, Chemie u. Technologie der Seifen und Waschmittel, 
Hirzel, Leipzig, 1930, p. 422. 

7a J, Davidsohn, Lehrbuch der Seifenfabrikation, Borntraeger, Berlin, 1928. 

8, G. Thomssen and C. R. Kemp, Modern Soap Making, MacNair-Dorland, New 
York, 1937, pp. 254-255, 
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The soap is then boiled with 18° Bé lye as with another strengthening change un- 
der closed steam. Salt brine or “pickle,” 15° Bé is then added and the mass boiled with 
closed steam until the brine reaches a density of 18° Bé, and the kettle pumped the 
next day. A soap of this type requires either hand or power crutching to assure homo- 
geneity and prevention of streaks. To obviate air spaces it is advisable to place over the 
top of the frame a tightly-fitted board which is heavily weighed down. This soap is 
pressed without any milling. 


In a way similar to the above, hard soap can be produced from dark re- 
finery foots of low titer. The foots are saponified with 30° Bé caustic and 
salted with brine. After the lye is drawn off next morning, a new batch of 
foots is added to the curd, saponified, and salted-out as on the day before. 

On the third day, the curd is diluted with water or open steam until the 
soap floats large bubbles, when a sample is lightly thrown into the air from 
a paddle. At this stage the soap is finished with as much dry salt as would 
suffice to form a large quantity of lye, but still containing some niger to elim- 
inate as much color and impurity from the foots as possible. 

Next day, after the lye and niger have been drawn off, the remaining curd 
is well boiled through with open steam and then boiled clear with 35° Beé 
caustic for about eight hours. The curd becomes clear and dehydrated. The 
strong lye is drawn off and used for another boil. In order to eliminate the 
excess caustic from the curd, it is boiled through with 6—7° Bé brine and the 
lye is allowed to separate again from the curd. The resulting lye measures 
8° Bé. This soap, when filled into frames, gives a hard soap of very good 
consistency and a glossy cut. 


(C) Curpvs or a Hicu Far Content sy BorLinc CLEAR 
ON StronG ELECTROLYTE SOLUTIONS 


It will be remembered that, in Wigner’s opinion, curds richest in soap are 
produced when the lye on which the curd has been grained-out was low in 
electrolyte concentration and vice versa. One exception to this rule, also 
mentioned by the same author, has been cited in Chapter XVII. There seems 
to be a contradiction between the two statements, but this will be cleared up 
when we consider the fact that a difference must exist between conditions 
prevailing during the ordinary salting-out and of boiling clear, respectively, 
the latter process consisting of prolonged boiling on concentrated electrolytes 
solution. It is obvious that during long hours of boiling the system acquires 
more chances to build up equilibria between lye and curd than would be 
possible during the short period of graining. 

This has been illustrated, for instance, by the example quoted from 
Ubbelohde and Goldschmidt, in which after the long period of boiling clear 
on a comparatively weak salt solution, the soap contents of the curd was not 
considerably raised, but, on the other hand, the salt contents of the curd was 
reduced to one-tenth of its original value. 
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Merklen” states in his treatise: 


Lewkowitch [a well-known British soap technologist] puts the maximum possible 
fatty acid content of a settled curd at 63 to 64%, and he doubts whether, in any circum- 
stances, a curd could contain as much as 69% of pure soap. Poppyseed oil soap boiled 
on a lye of 25.5° Bé [in Merklen’s own experiments] yielded a curd containing 74% of 
pure soap and it should be stressed that this value does not represent the maximum per- 
centage of pure soap which a settled curd may contain. The same soap would have 
yielded an even higher pure soap concentration than 74% provided that the lye on which 
it had been boiled was still more highly concentrated. In fact, a palm oil soap boiled 
on a lye totally saturated in electrolytes containing 77% pure soap or 71.2% fatty acids. 


See also Table V-2. 


We are inclined to form the opinion that soaps produced as a result of 
prolonged “boiling clear” on concentrated electrolytes solution constitute the 
same kettle wax soap phase which has nothing in common with soaps be- 
longing to the proper neat or curd areas, and it is therefore comprehensible 
when their physical properties are also different from those finished only by 
simple salting-out or by fitting. 


(D) NrEuTRALIZATION oF ALKALI IN THE LYE 


In the above description of curd soap manufacture, the necessity of hav- 
ing sufficient caustic in the finishing lye was stressed. Keeping in mind what 
had been stated on loss standards (Chap. XVII, 2), it is obvious that larger 
quantities of caustic and also of sodium carbonate left in the lyes must be 
recovered betore the lye is sent into the glycerine department or into the 
sewer. 

Alkali recovery from the lye is carried out by adding to the lye a quantity 
of fatty acids equivalent to the caustic soda and sodium carbonate contents, 
and boiling the mixture until soap is formed and eventually floats to the sur- 
face, where it may be skimmed off. It is not advisable to use neutral fats 
instead of fatty acid because the former would only neutralize the~caustic 
soda while unable to react with sodium carbonate. Therefore, the only ma- 
terial that can be used in addition to fatty acids for neutralization of the spent 
lye is rosin, which contains free abietic acid. 

However, it is not advisable to neutralize the whole of the remaining al- 
kali in the lye, as in this case acid soaps would be formed, which—due to 
their viscous consistency—are likely to enclose impurities from the spent lye. 
The proper procedure, therefore, would be to determine the total alkali con- 
tent of the lye prior to neutralization. and to calculate the quantity of fatty 
acid necessary to neutralize it in such a way that 0.4% sodium carbonate 
would still remain in the lye. It is obvious that caustic soda is neutralized 


°F, Merklen, Etude sur la Constitution de Savon du Commerce, Marseille, 1906; (a) 
p. 73, (b) p. 120. German edition, 1907. 
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before the sodium carbonate, and as a result of this it is always the latter 
which is left in the neutralized lye. 


Example: 10 g. of lye is titrated with 11.2 ml. of 0.5 N HCl against methyl orange 
indicator; the spent lye contains 11.2 x 0.0265 10=2.97% total alkali calculated as 
sodium carbonate. Subtract 0.4% from 2.97%, and obtain 2.57% of total alkali for 
neutralization. This necessitates the use of 13.5 kg. of tallow fatty acids for 100 kg. of 
lye. If the total quantity of lye is 3250 kg. then (3250 13.5) /100=44 kg. of tallow 
fatty acid required for neutralization. 


(E) BLEAcHINGC—ANOTHER CHANGE 


Bleaching materials are described in Chapter X. 

Bleaching is best carried out between the saponification and the finish. 
Essentially, it is one of the changes and should be dealt with as such. 

Consider a reduction bleach, with sodium hydrosulfite (Na.5,0.) as an 
example. The procedure should be as follows: after saponification, one or 
two changes for washing should preferably be given. The amount of re- 
ducible substances that are removed by the washes determines the amount 
of chemical that must be used for the bleaching. The problem then occurs 
of balancing the expenses incurred when carrying out a number of changes 
as against a larger quantity of bleaching chemical used. In any case, care 
must be taken that the charge is well saponified, that it contains the normal 
amount of excess alkali, and that it is brought to the proper “closed” state 
before the chemical is added. 

One part of Na.S.O, is dissolved in 10 parts of cold water, and made 
alkaline by the addition of 0.1 part of caustic soda of 30° Bé. The prepara- 
tion is mixed into the well-boiling mass of soap. 1-3 kg. of hydrosulfite is 
used to one ton of fat in the kettle. It is very important to be certain that the 
soap in the kettle has a sufficient excess of caustic, otherwise the bleach is 
destroyed, with the evolution of SOs. 

Sodium hydrosulfite is able to dissolve any traces of iron which may have 
had access into the soap from iron-contaminated caustic lyes or directly by 
corroding the steel equipment. Iron is dissolved only by the lye when there 
is sufficient alkalinity in the soap during the bleaching operation and after- 
ward. At normal conditions, that is, when the total alkalinity of the lye is 
above 0.4%, the lye has a dark color, but it does not carry dark green and 
black particles, and the soap bleaches to a pale yellowish tint. However, this 
is not the case with soap of insufficient alkalinity. In such cases, the soap 
becomes grey to dark green due to certain organic iron sulfides which cannot 
pass into the lye under these circumstances. 

After a period of about 30 minutes of sustained boiling the reducing sub- 
stances cvolved from the mixture have had ample opportunity for displaying 
their effect, and the pan can be grained-out as usual. As described, the color- 
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ing substances and the iron compounds pass into the lye and it is during 
neutralization of the Jye that these substances make themselves felt. At a cer- 
tain degree of low alkalinity the characteristic smell of sulfur compounds are 
noted, and also, in most cases, a dark green or black precipitation occurs. 
Some soapmakers have reported that lyes containing the spent chemical and 
its derivatives require more careful handling when prepared for glycerine 
recovery in the glycerine department. Special care must be taken to boil 
the lye for a time in the acid state in order to eliminate completely sulfurous 
acid. 

There are certain naturally colored soaps which can be bleached quite 
quickly by these reduction chemicals. However, since in most cases the dye 
in the soap loses its color only temporarily as a result of chemical reduction 
and since this reaction is reversible, the color generally reappears when the 
soap is left in contact with the air. This is, for instance, the case with cotton 
oil soaps produced from crude cottonseed oil, or from cottonseed oil refinery 
foots. As a rule, bleaching with reducing chemicals alone does not give satis- 
factory results, as the surface of the soap rapidly regains its dark color and 
only the deeper layers retain the effect of the bleach. 

This kind of bleach can be used on any type of soap, since it does not add 
any odor to the product, which is the case in certain soaps when bleached 
with chlorine. It should also be emphasized that this kind of bleach is suit- 
able for light-colored soaps only, and especially for the elimination of iron 
contamination. 

The chlorine bleach is an oxidative reaction. The various methods for 
preparing chlorine bleaching lye and its mode of action have been described 
in Chapter X. 

The bleaching of curd soap with hypochlorite lyes is carried out with 
well-diluted bleaching lyes (as a rule, they contain about 4% available chlo- 
rine) on a well-closed soap and at a comparatively low temperature. The 
effect of the hypochlorite lyes is based upon the evolution of oxygen gas from 
the chemical and the gas being well dispersed throughout the soap mass in 
order to obtain effective contact with each soap globule in the pan. 

The best practice is to saponify the darker fats first and to bring them 
into a closed but mobile and transparent state. The soap is cooled down 
to 70-80°C. by dissolving some scraping from previous boils in the mass. 
The hypochlorite solution is now introduced into the mass through a pipe 
which reaches to the bottom. The hypochlorite then gradually disintegrates 
at the hottom of the kettle and the oxygen bubbles slowly rise to the top, dis- 
playing their bleaching action on their way upward. Bleaching action, as a 
rule, is completed in one-half to one hour. 

It is not possible to give a generally valid estimate as to what amount of 
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bleaching solution is needed. However, it is good practice to make small 
laboratory tests from which the operator can derive the approximate quantity 
of bleaching solution to be prepared for the large batch. 

It is self-evident that a curd purified by several washes lends itself to better 
and quicker bleaching and necessitates the use of less chlorine to produce 
the same effect than a soap which previously had not been treated at all. 
The impurities of the spent lye naturally consume considerable amounts of 
chlorine, which could be economized if the dirty lyes were drawn off prior 
to the bleaching operation. 

Soap from cottonseed foots is totally discolored when bleached with 
sufficient amounts of hypochlorite solutions, and the color does not reappear, 
even after prolonged storing of the soap. 

A serious disadvantage of this kind of bleach is that certain kinds of soaps 
retain the odor of chlorine. This is especially true of soaps containing coco- 
nut oil, since it seems that with these soaps some chemical action between the 
soap and the bleaching material takes place. 

After bleaching with hypochlorite solution, it is essential to grain the 
soap, not only in order to finish it in the ordinary way, but also to eliminate 
the odor of the bleaching reagent. Any trace of chlorine can be detected by 
a test with starch-iodide test paper, which turns blue if chlorine is present. 

The bleaching effect of hypochlorite is considerably reduced when the 
charge contains rosin. 


(F) Tue Rosin CHaNce “% 


Rosin is an excellent raw material for use in soap changes. It is cheap, 
imparts plasticity to the soap, enhances lathering, and protects the soap to a 
small degree against rancidity. During saponification and graining, how- 
ever, it does not behave like other fats. This difference in behavior is due 
to the fact that rosin contains no fatty acids, but consists largely of abietic 
acid, which is present in rosin in the free state. Consequently, rosin can be 
treated as a free fatty acid and saponified with cheap soda ash. Rosin soap is 
very susceptible to electrolyte action and, when salted-out by small quantities 
of salt, this soap, contrary to fatty-derived soaps, settles to the bottom. The 
lye does not contain any glycerine, of course. 

Because of these differences between the behavior of rosin soap and other 
kinds of soap, some soapmakers feel that it is advisable to prepare the rosin 
soap in a special change which should take place as the last change before the 
fit. At this stage the glycerine has already been recovered from the soap 
by the previous washes and, owing to the circumstance that rosin does not 
contribute any glycerine to the spent lyes, the glycerine-free lyes may be 


discarded. 
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In some countries it is usual to saponify and salt-out the rosin in a special 
vessel and to pump the purified rosin soap into the main kettle just before 
fitting is started. 


In Europe, the rosin is used to neutralize excess alkali in the spent lye. 


(2) Manufacture of Neat Soap Settled on Niger 


The theoretical principles of the formation of neat soap and niger are 
discussed in previous chapters, and the small-scale experimental production 
of this kind of soap is described in the appendix.. 

It is not known when and by whom it was discovered that partial salting- 
out of a soap solution through addition of water produced two separate lay- 
ers, one of which consists of pure neat soap of higher quality than either 
ordinary or boiled-clear curd soap. It seems quite probable to us that this 
happened when the raw materials like coconut oi] were introduced into soap- 
boiling technique. The soaps of these fats or their mixtures with other fats 
are difficult to salt-out completely, and in order to reach their L.L.C. it is 
necessary to use highly concentrated lye. 

While experimenting with varying lye concentrations the observation must 
have been made eventually that in a region before the L.L.C., that is, when 
total salting-out has been reached, a system was formed in which the lower 
layer was not a clear lye, but a soap solution of more or less high concentra- 
tion. The lower the lye concentration remained below the ultimate L.L.C., 
the richer in soap was the lower layer and the smaller the upper layer of good 
soap. But the final most important observation made was that the smaller the 
top layer of good soap, the better was the quality of soap in every respect: 
in regard to electrolyte content, consistency, and also detergency. A means 
of refining the soap quality by careful adjustment between the quantities of 
both layers was found. 

Lederer’? expresses this in the following terms: When an electrolyte has 
been added to a soap solution in such quantities that the “threshold concen- 
tration” has been passed, but the L.L.C. not yet reached, we get a separation 
into three layers, as represented schematically in the Appendix. This process 
is called “partial salting-out.” According to the concentration of the soap 
solution prior to salting-out, the relative quantities of the layers vary within 
wide limits. With highly concentrated soap solutions (about 50%) and 
electrolyte concentrations about one-half per cent higher than the threshold 
concentration [it is noted that Lederer uses here the term threshold concen- 
tration in the same sense as Kawakami defined limited fitting concentration]. 
a three-layer system is obtained consisting of a small amount of clear lye, 


10, L. Lederer, Kolloidchemie der Seijen, Steinkopff, Dresden und Leipzig, 1932, 
p. 289. 
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about one-third volume of niger, and more than half of the total volume pure 
neat soap. These proportions are approximately the same as those regarded 
as normal when soap is produced hy the process of fitting neat soap on niger 
in practical operations. 

It may be stated roughly that the soapmaker regards it as a good standard 
yield when he succeeds in cleansing two-thirds of the fat charge employed as 
good neat soap, leaving one-third of the fat in the kettle as niger. 

The system of neat soap on niger can be established either by adding 
insufficient electrolyte for total salting-out to a soap solution, or by adding 
sufficient water to a normal curd for dissolving some of the soap and for 
causing its separation into two layers. Thus, there are two methods in use 
for the production of neat soap. The first is called the direct and the second 
the indirect method. 

The direct method for the manufacture of fitted or settled soap is generally 
employed when the fat charge is sufficiently pure or when, for some reason 
or other, the purifying of the less pure part of the fats has been carried out 
separately. An example is the case mentioned in Ch. XVII, Sect. 3E, where 
the fats of lower quality (refinery and soapery foots) have been saponified in 
a separate kettle and pumped, after having been purified by several washes, 
into the main kettle, in which only saponification of the pure quality coconut 
oil has taken place. To finish the neat soap directly without having purified 
the fat charge by several washes before the fitting operation would mean that 
only a part of the impurities would go to the niger, a large part of them being 
retained by the neat soap. 


(A) Tue Curp Soap 


The curd soap must be well prepared before the fitting operation is started. 
This is done by conducting the whole process through all the stages described 
as part of the manufacturing method for curd soaps, that is, saponification, 
several washes for purification, and glycerine recovery. The boiling clear on 
concentrated lyes is not necessary in this case, but bleaching may be added 
when the fat charge contains exceptionally dark ingredients. 

The following fat charges are in use for the manufacture of fitted neat 
soap settled on niger. The soaps produced from these charges are generally 
sold as household or laundry bar soaps: 


(a) 40% tallow (d) 30% peanut or cottonseed oil 
40% palm kernel oil 55% coconut oil 
20% rosin 15% rosin 
(b) 30% lard (e) 20% cotton oil, neutralized 
, 60% palm kernel oil 
70% coconut oil = 
20% rosin 


(c) 40% hardened oil (f) 40 %a palmukernal_ ool 


50% coconut oil 40% distilled cotton oil fatty acids 
10% rosin 20% rosin 


hardened oil 

lard 

cotton oil, neutralized 
tallow 

coconut oil 

cotton oil, neutralized 
tallow 

palm kernel oil 
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(f) 70% coconut oil (Gj) 15% 
30% rosin 15% 
(g) 40% palm kernel! oil 10% 
40% sunflower oil 15% 
20% rosin 45 %o 
(hk) 40% bleached palm oil (k) 30% 
40% coconut oil 20% 
20% rosin 50% 
(i) 20% peanut oil (1) 50% 


35% 
15% 


40% bleached palm oil 


coconut oil fatty acid 
peanut oil fatty acid 
rosin 


40% palm kernel oil 


(B) SAPONIFICATION GRAINING PROCESS AND THE FAT CHARGE 


The saponification process is carried out in the same way as with curd 
soaps, the only difference being that in the present charge there are consid- 
erable amounts of fats which are not very susceptible to the separating action 
of lyes. It is therefore possible to saponify these charges with even more 
concentrated caustic lye than is possible with charges containing only tallow, 
peanut oil, or olive oil. On the other hand, the salting-out of the charge for 
glycerine recovery or purification must be made with the greatest of care. 
This is because the L.L.C. of mixtures containing large quantities of coconut 
oil or palm kernel oil is quite high. 

Let us consider some exact figures reported by Merklen.®®. A mixture 
of equal parts of coconut and peanut oils was saponified and the lye diluted 
until a point was reached when soap started to dissolve in the lye. The analy- 


sis of this lye was: 


Density at 18°C. 23° Bé 
NacCO, 1.94% 
NaOH 3.51% 
NaCl 16.70% 
Glycerine 4.00 % 


This lye can be diluted down to 20° Bé without larger quantities of soap 
being dissolved, but with further dilution soap would start to dissolve in large 
proportions. 

Now it is obvious that the curd separating on a lye of such high concen- 
tration is not very efficient and retains considerable amounts of entrained lyes. 
Consequently, it contains large quantities of electrolytes. In order to elimi- 
nate the glycerine from such soaps, it is necessary to work with large ratios 
of lyes which make the recovery uneconomical. For example: 

Theoretically, coconut oil produces about 14% of its weight in glycerine, peanut 
oil about 10%; a 1:1 mixture of both consequently produces 12%. Let us consider 


the quantitative example from Ch. XVII, 3 D. 60 kg. of fatty acids (63 kg. of neutral 
fats) containing 12% glycerine produce, after saponification, 7.2 kg. of glycerine. These 
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7.2 kg. of glycerine must be contained in 180 kg. of solution in order to produce a 4% 
glycerine lye. 60 kg. of fatty acids is equivalent to about 65 kg. of pure soap. The total 
weight of the soap in the pan must have been 65 + 180 = 245 kg. prior to the separation of 
layers. The soap solution contained, at the moment of separation, (100 x 60) /245= 
24.5% fatty acids, which is an extremely high dilution for salting-out. The ratio between 
fatty acids and lye separated is 60 : 80=1:3, which does not allow for a good produc- 
tion standard per unit of kettle space. 


However, the reconstruction of the condition under which Merklen con- 
ducted his experiment was made under the presumption that he carried out 
one wash only. This is by no means certain. But should he have divided the 
lye bulk into two washes with a ratio of 1: 1.5, his results with respect to 
glycerine recovery would have been even worse, due to the fact that two 
inefficient curds influence the glycerine recovery more unfavorably than one. 

In any case, a curd in equilibrium with a lye of a concentration as high 
as the above must contain large quantities of electrolytes and its fitting will 
certainly cause difficulties. 

This is why coconut oil or palm kernel oil cannot be used alone for the 
manufacture of settled soaps. The high stability of these soaps against elec- 
trolyte solutions would necessitate their being salted-out or fitted with salt 
solutions of a very high concentration. These soaps, under such circum- 
stances, would adsorb very high quantities of electrolytes, salt, and caustic 
soda, and both would cause the soap to display inferior qualities. 

It must be remembered that it is also difficult to make fitted soaps from 
fat charges which do not contain any coconut or palm kernel oils. This is 
not only because of the lack of lather in such soap, but also because of the 
interval between the concentration of total salting out (L.L.C.) and the con- 
centration of fitting (F.L.C.). If we take, for example, the figures of Merklen 
for sesame oil soap: L.L.C. is found to be 9° Bé, fitting must be carried out 
at 7.5° Be, the interval is 1.5° Bé. It is extremely difficult, especially when 
working with the direct method, to add the suitable amount of salt gradually 
without surpassing the limit after which total graining would occur, or al- 
ternatively to remain below it and thus cause large quantities of soap to dis- 
solve in the niger. 

With a mixture like the above, of 1 part of coconut oil to 1 part of peanut 
oil, working becomes much easier. The L.L.C. in this case is 23° Bé, whereas 
fitting is carried out at 18.5° Bé, the interval between them being 4.5° Be, 
giving a much better chance to the operator to find the proper concentration, 
and to ensure good separation between neat and niger. 

Summing up, it may be stated that settled soap for household or laundry 
purposes (not for toilet soap bases) should contain at least 30% of soaps 
nonsusceptible to electrolvtes of the type of coconut oil. palm kernel oil, or 
babassu fat. When using liquid oil only in conjunction with these fats, it is 
sufficient to combine 95% of coconut oil with these oils, even when up to 
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10% of rosin is present in the fat charge. This applies to summertime, 
whereas in the winter 45% of coconut oil would do as well. Palm kernel oil 
produces somewhat softer soaps than coconut oil, and this is why, when work- 
ing with the former, its proportion in the fat charge is higher than prescribed 
for coconut oil. Tallow or hardened fat can take the place of coconut oil in 
the fat charge as far as hardness only is concerned. However, it must be 
borne in mind that by reducing the proportion of coconut oil in the charge 
the lathering properties of the soap suffer unavoidably. On the other hand, 
soap containing a certain proportion of tallow or lard behaves more economi- 
cally in the laundry. Tallow soap generally has better foaming properties 
than most of the high titer hard fats. 


(C) Direct MetHop or Finisuinc Neat Soap on NIGER 
(THE Fittinc PRocEss) 


After the saponification of the charge and after sufficient changes for the 
elimination of glycerine have taken place, the soap is brought to the closed, 
homogeneous state, and the final alkali content regulated by addition of some 
caustic to the mass which, at this stage, should contain 0.3-0.0% caustic soda, 
The soap is again tested by kneading a sample between the fingers. The 
sample should have the proper consistency on cooling to indicate that no un- 
saponified fat is present. The mass should now boil easily and uniformly 
in the kettle. At this state, the addition of small batches of dry salt or brine 
should be started. Each addition now changes the state and aspect of the 
boiling soap. In order to keep these changes under control, the following 
tests may be carried out after the addition of each hatch of salt, and, after 
the salt, by sufficient boiling, has been given the opportunity of displaying its 
action. 


(a) The soapmaker throws a small amount of the hot liquid soap up into the air by 
taking some of it directly from the boiling pan on his paddle and launching it with a 
quick movement over the kettle surface. There are only a few bubbles or, if they are 
small and bursting too quickly, then the soap does not contain sufficient water to be 
mobile, apart from the fact that niger of suitable composition is not yet formed. Water 
or salt or both must he added until large bubbles are readily formed with the throw-test 
and these large bubbles flutter slowly above the kettle surface. These fluttering bubbles 
are produced only when niger is already present in the kettle containing the proper 
amount of soap. 

(b) The kneading test must show the proper consistency, that is, the soap should 
neither be too short nor brittle nor greasy when worked between the fingers. 

(c) The wooden paddle is heated by keeping it in the hot mass for a few minutes. 
The withdrawn paddle covered with soap is held flat over the kettle for a short time and 
then inclined. The soap should run down in small plates and leave the paddle covered 
with a thin transparent layer of niger which becomes turbid and white when it cools. 

(d) The pan contents are well boiled through with steam and a sample of about 
one quart is withdrawn with the aid of a scoop. The sample is poured into a beaker and 
left alone for settling in a warm place, or even better, in a boiling water bath. Separa- 
tion of this sample takes place quite quickly and the layers can be distinguished sharply. 
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The niger is dark, slimy, and produces threads between forefinger and thumb. It forms 
a jelly on cooling, which releases some clear lye when pressed. The niger should be 
strongly alkaline. The neat soap settling as upper layer should have a fair color and, 
when kneaded between the fingers, should have a dry consistency when coo! and produce 
only short threads when tested hot. 

(e) The attendant should observe the boiling surface of the mass. Here also the 
mass “boils in plates,” as described in Section 1 for the finishing of curd soap. The 
squares are separated by white, rather pointed, edges or furrows. Dark patches appear 
in these furrows, indicating that the separated dark niger is launched from beneath onto 
the surface. Some soapmakers maintain that the dark patches are produced at the mo- 
ment when the niger starts to separate from the neat soap. The aspect of the surface 
also tells the soapmaker something about the proper alkali content of the soap in the 
moment of fitting. With proper excess of alkali the squares are covered with a film or 
membrane of soap which can be removed by a sweep with the paddle, revealing the fresh 
glossy soap surface. The furrows must show a characteristic glossiness as well. When 
the proper alkalinity is lacking, the squares and furrows resemble a dimmed varnished 
surface. 


Too much electrolyte causes too large an upper layer to separate. Such 
soaps are then quite similar to the curd soaps produced without the boiling 
clear process and, consequently. they may show some feather, which is an 
undesired property in modern neat soaps. Such soaps may also separate some 
liquor when stored and, as a further consequence, they may later become 
covered with a white precipitate. When insufficient amounts of salt have 
been used, the yield of neat soap is too small. Of course, this practice is un- 
economical. In such cases, the separation of niger and neat soap proceeds 
with difficulty due to the fact that the specific gravity between niger and neat 
becomes less marked. 

Here are some quantitative examples showing the ratio of settling when 
neat soaps on niger are produced by the direct method.“ 


(a) The fat charge amounted to 2500 kg. and contained 60 parts of palm kernel oil 
fatty acids and 40 parts of tallow. The charge was dark and had to be given a fine fit 
with weak salt solution in order to obtain a good degree of purification. As a result, 
about 2500 to 2650 kg. of good neat soap was produced from the above charge. The 
higher figure represents a fair normal yield (2/3) of the fat charge obtained in form of 
good neat soap and 1/3 in the niger), while the smaller figure is to be looked upon as 
an uneconomical yield. The niger weighed 3000 to 3100 kg. and, on graining, produced 
curd weighing between 1100 and 1250 kg. The lye weighed 1900-2000 kg. On the whole, 
the method employed cannot be regarded as economical, as the kettle space could not be 
utilized to a sufficient extent due to the weak salt solution and the large volumes of 
niger produced. This is a disadvantage of the direct method. By employing the indirect 
method, the volume of niger could have been restricted to more reasonable proportions. 
This example shows the unsuitability of the direct method for the manufacture of light- 
colored soaps from dark fat charges, when no washes or a bleaching change were given 
prior to the partial salting-out. 

(6) The fat charge consisted of 2125 kg. of palm kernel oil fatty acid, 375 kg. of 
light-colored extracted bone fat and 500 ke. of rosin—altogether 3000 kg. 3450 to 3750 
kg. of good neat soap on 2050-2850 kg. of niger was produced. The niger separated 
into 750-1050 kg. of curd and 1300-1800 kg. of lye. The higher lye bulk values came 
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from batches in which large quantities of settings from previous boils had to be utilized, 
due to which large amounts of condensed water were introduced in the kettle with the 
solution of these parts of the charge. In this instance, even the lower value represents 
a good yield, and the lye-bulk is considerably lower, although the fat charge was higher 
than in the example quoted first. The better yield and the more favorable lye bulk is due 
to the fact that in the second case the fat charge, being of better color, was more suitable 
for the direct process. 


The figures of Table XVIII-1* are the result of analyses of the neat soap 
and of the corresponding settled niger in a well-conducted soap factory. It 
is instructive to study such figures, since they might teach the soapmaker to 


TABLE XVIII-1 


ELecTROLYTE DISTRIBUTION BETWEEN Neat AND NIGER 
iv A CoconutT-Patm KERNEL TALLOW SoAp?1 


1 4 3 
Electrolyte = = : : = 
Niger Neat Niger Neat Niger Neat 
NVee ee eee oe 236.4 — 226.7 — 230.2 
Nis Ee ee eer eA, 0.06 1.32 0.07 2) 0.06 
NeGia--* 8 oe 4.12 0.62 9.12 0.64 2.76 0.39 
IAG 5. aa. Sli aes _ 61.7 — 62.1 — 62.9 
im mn) Pr Hi ——F 

Electrolyte SS SS SSS = 1L 
: Niger Neat Niger Neat Niger Neat 
INAS eat — 231.0 _— 232.2 — 229.6 
Ne ORG. eee : 1.06 0.06 0.96 0.06 1.32 0.18 
heel 2 Se 3.18 0.54 1.58 0.44 1.19 0.3) 
HA eee eS 61.4 - 59.4 — 62.4 


judge the electrolyte concentrations to be expected in the soap when cooling 
under controlled and defined conditions. The first six examples contained 
coconut or palm kernel oils with some tallow in proportions as indicated by 
the neutralization value given in each case. Charges with the higher neu- 
tralization value contained larger quantities of coconut or palm kernel oils. 

The examples of Table XVIII-2™ show the distribution of electrolytes be- 
tween neat soap and niger when the fat charge contained 75 parts of palm 
kernel oil and 25 parts of rosin. 

In this matter of electrolyte equilibrium between neat and niger, most 
interesting material can be found in the classical works of Merklen on this 
problem. The reader is referred to Table V-2. The methods used by 
Merklen in his fitting experiments was, however, the indirect method (see 
also Part A). 


11 L, Ubbelohde and H. Heller, Chemie u. Technologie der Seifen und Waschmittel, 
Hlirzel, Leipzig, 1930, pp. 430, 433. 
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(D) InpirEct MetHop or Manuracturinc Neat Soap on NIcER 
(CONSIDERATION OF GLYCERINE YIELD) 


This method is suitable for fat charges containing dark and impure fats. 
Nowadays, there is almost no soap factory where household soaps are boiled 
entirely from neutral oils directly as they are produced in the oil mill. Most 
of the large soap plants are attached to vegetable oil refineries where large 
amounts of refinery foots and soapstocks are produced, and it is one of the 
unpleasant jobs of the soapmaking department to utilize these impure ma- 
terials. When soapstocks are not directly utilized in the company’s own soap 
department but are put on the market, it is not the soapstock as such, but 
the split and sometimes distilled free fatty acids that are sold. 

Coconut and palm kernel ois are generally purer than the other ingredi- 
ents of the fat charge, and it is for this reason that these two ingredients of 
the fat charge are usually saponified in two different portions. 


TABLE XVIII-2 


ELECTROLYTE DISTRIBUTION BETWEEN NEAT AND NIcER 
IN A 75% Paum Kernet On-25% Rosin Soaptt 


9 
Electrolyte : 2 2 
Niger Neat Niger Neat Niger Neat 
INV: Se 2 arene —_ Pape Ly —_— eae _— 223.7 
1.76 0.12 2.08 0.22 0.44 0.03 
2.63 0.33 1.87 0.27 3.40 0.65 
Vee eee ae pee -— 62.3 —— 61.3 as 62.1 
Water... me Be 8 51.8 — Bean — 49.2 —_ 


There are a few problems connected with this procedure. The first is the 
proper disposal of the curd produced from the niger. This question is dealt 
with elsewhere, but is touched upon here because the keitle plan is concerned 
with the salted-out niger. The niger is generally left in the pan where the 
settling and salting-out have taken place. It is logical to start the saponifica- 
tion process by pumping some of the impurer fats, foots, or soapstocks on top 
of the grained niger, thus utilizing the excess alkali in the niger. The rosin 
could also be saponified at this stage by making use of the sodium carbonate 
present. The presence of a certain proportion of coconut or palm kernel oils 
in the composition of the niger curd is always of value, since during the sub- 
sequent saponification this will help to keep the soap in a closed state. One 
or several washes should be applied in order to eliminate the glycerine from 
the charge and also to obtain the required purifying effect. Boiling clear 
is unnecessary in this case. 

When satisfied that the more impure part of the charge has received its 
proper treatment in this way, some concentrated caustic of 25-30° Bé is 
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added to the soap, and at this point the coconut or palm kernel oil is pumped 
into the kettle in small batches. The reaction between lye and coconut oil 
may become quite violent; care must be taken that the mass does not boil 
over. The addition of caustic should be regulated in order to have an excess 
of about 0.5% NaOH in the total kettle contents at the finish. 

At this point, a new problem arises in connection with the glycerine con- 
tent of the added coconut oil. If it is assumed that the coconut oil was added 
in the form of neutral oil and not as free fatty acid, the whole of the glycerine 
of the coconut oil would be present in the last change. If at this point finish- 
ing is carried out by the direct method—that is, by adding small quantities 
of salt directly to the homogeneous soap solution as produced by the saponifi- 
cation process, until neat soap or niger has been formed—then this con- 
siderable amount of glycerine would be retained by neat and niger. Ex- 
amples follow: 


TABLE XVIII-3 


CALCULATION OF GLYCERINE RECOVERY IN THE First CHANGE 


Glycerine 
Weight, Water+ Salt, FA, Glycerine. Has = 
tons tons tons ee: Yo in each ree 
he glycerine 
Total soap mass -....___ 23 9.5 118} 0.770 3.34 100 
Neat soap =, PAL2 3.0 eo 0.243 2.02 31.6 
Niger  .... : 11 6.5 3.8 0.527 4.79 68.5 
Niger curd —_....... Hes 1.5 il 0.122 2.34 15.8 
Spent lye | 2s 5.0 0.68 0.405 6.98 52.6 


In a soap-boiling pan of about 30 cubic meters gross kettle space, soap is produced 
by pumping purified soap from soapstocks, foots, and rosin containing 6.1 tons of fatty 
acids into the pan, and saponifying 5.5 tons of coconut oil on top of this soap, thus add- 
ing soap containing another 5.2 tons of fatty acids to the total pan content. The pan 
now contains 23 tons of soap, including ]1.3 tons of fatty acids. The pan also contains 
770 kg. of glycerine produced from the 5.5 tons of coconut oil on saponification. The 23 
tons of soap solution is now fitted by the direct method, and is separated into two layers: 
12 tons of neat soap containing 7.5 tons of fatty acid, and 11 tons of niger containing 
3.8 tons of fatty acids. The niger is salted-out in such a way that some of the impurities 
remain in the lye. 11 tons of niger yield 5.2 tons of niger curd containing 3.12 tons of 
fatty acids and 5.3 tons of spent lye with about 0.68 ton of dark fatty acids in soap form. 

With the direct method of finish, the neat soap contains about 2% glycerine and 
carries with it about 31.6% of the total glycerine and only 52.7% of the total glycerine 
is recovered in the spent lye, while 15.7% is carried further with the niger curd into the 
next batch. 

What happens to the glycerine from the niger curd and added coconut oil when 
building up a new charge on the niger curd of the first one? The new fat charge is 
built up as shown in Table XVIII-4. 

On the assumption that the same soap and electrolyte concentrations are used, the 
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TABLE XVIIL-4 


Brimprne Ue or tHE New CHANGE 


Fatty acids from niger curd 3.12 tons containing 0.122 ton glycerine 
Fresh coconut oil fatty acids 3.76 tons containing 0.560 ton glycerine 
Purified foots, etc., fatty acid 4.42 tons 


0.682 ton glycerine 


same respective amounts of the different layers—neat soap, niger, niger curd, and lye— 
are formed. These layers consequently also contain the same amounts of water and 
therefore the distribution of glycerine takes place according to the percentage ratios laid 
down in the last column of Table XVIII-5. In order to obtain the amounts of glycerine 
now present in the various layers multiply the quantity of total glycerine present (0.682 
ton) by each of these items. 

The neat soap still contains 1.7% glycerine, but the ratio of loss through the neat 
remains what it was: 31.6% of the total glycerine. The glycerine content of the lye be- 
comes somewhat lower. 

The following kettle plan leads to better results. The niger curd contains 1.44 tons 
of coconut oil fatty acid and 1.68 tons of other oils; saponify on top of it 3.76 of fresh 
coconut oil (calculated as fatty acid) ; total 6.88 tons. In this mixture, 75% of coconut 
oil fatty acid is present and such a charge can be salted-out completely with a lye below 
23° Bé. 

Even in case of an inefficient curd containing only 59% of fatty acids, the curd 
weighs no more than 11.6 tons, carrying about 4 tons of total entrained (occluded) lye. 
Let us regulate the total weight of the soap mass in the kettle to, say, 19.6 tons. The 
ratio between spent lye and total entrained lye is 8:4 and consequently 33% of the 
glycerine remains in the curd and 67% goes to the lye. 67% of 0.682 ton amounts to 
0.456 ton. The spent lye thus contains 5.7% of glycerine. The curd contains 0.225 ton 
glycerine, or 1.94%. But this curd is not the final product, it can then be finished by 
the indirect method. 

The curd contains sufficient amounts of electrolytes due to the high electrolyte con- 
centration with which it had to be salted-out. All that needs to be done is to make sure 
that the curd contains a sufficient amount of excess caustic soda, and then to add the 
other part of the fat charge from the purified soap containing 4.42 tons of fatty acids. 
This also amounts to 7.5 tons of soap. Altogether there is in the pan 11.6+7.5=19.1 
tons of soap curd. Depending on the electrolyte content of this soap mass, a certain 
amount of water must be added, and probably also some electrolytes, until the separation 
into the same proportion of layers, as described in the former example. is obtained. On 


TABLE XVIII-5 


DIstRIBUTION OF LAYERS AND OF THE GLYCERINE THEREIN 
IN THE SECOND CHARGE 


Weight, ma bev Glycerine, %o glycerine 

tons tah edamer tons in each item 
Neat soap : 1 31.6 0.216 1.80 
Niger _. 28 SOIT a 68.5 0.467 4.25 
Niger curd 5 hf 0.108 2.08 
Spent lye 5.8 py AT 0.359 6.19 
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the assumption that there is again 23 tons of total soap and the same proportion of neat 
soap and niger, the final neat soap now contains only 31.6% of 0.225 ton, that is, 0.071 
ton glycerine, which means that the neat soap now contains only 0.39% of glycerine, and 
the spent lye 0.118 ton of glycerine, or 2.04%. This figure becomes even more ad- 
vantageous with the next batch, as the niger curd now carries over only 0.039 ton of 
glycerine instead of 0.122 ton. 


It is possible to produce more soap per unit kettle space per week when 
employing the direct method, that is, by fitting directly without any previous 
salting-out operation, however the decision to follow this method will depend 
on circumstances. 


(E) Tue Firtine Process wire THE INDIREcCr METHOD 


The phenomena underlying the fitting process are considered in Part A 
and in the appendix dealing with laboratory soap boiling. The fiitting proc- 
ess has been described in detail. 

By adding water to the pan we depart from the conditions in which curd 
as such is able to exist. The more water or weak salt solution that is added, 
the larger becomes the niger layer and the smaller (but finer in texture) be- 
comes the layer of neat soap. 

The soap is now tested with the paddle by the bubble flutter test. While 
proceeding with the direct method (Section 1, B), we started with a closed 
soap solution and opened it by addition of salt. There is was noted that the 
soap, when still in the closed state (which is a result of electrolyte deficiency), 
did not produce fluttering bubbles readily. The same is the case when fitting 
by the indirect method. 

When the proper amount of niger has been formed, bubbles should be 
formed with ease which, after having fluttered in the air for a short time, 
should burst there and not fall back intact. One expert describes this by ad- 
vising that the quantity of added water should be the amount the soap re- 
quires for sufficient mobility and that the bubbles formed should be of the 
size of a fist, totally transparent, and not milky, and should burst at once 
after their formation in the air. 

To observe the appearance of the trowel when withdrawn from the boiling 
mass, some soapmakers use a wooden paddle, some an ordinary mason’s 
trowel, which is easier to clean. When using a wooden instrument like a 
paddle, care must be taken that no lye or salt is soaked into the wood, or false 
results may be obtained. Should the soap now run off the trowel in large, 
thin, coherent plates, instead of in more compact flakes, some salt should 
be added in order to open the soap slightly. It will be found that, in such 
cases, the trowel remains covered with an over-all layer of soap solution 
which solidifies into a soap film. After some concentrated salt or lye solution 
has been added and the pan boiled with steam, the trowel test is repeated. 
With the accurate amounts of electrolytes in the kettle the soap runs in thin 
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flakes of the size of a small visiting card. In the first moment it looks as if 
the trowel is completely covered by a glossy soap film, but a few seconds later 
it can be seen that even this thin secondary soap film bursts and the trowel, in 
patches, becomes bare and dry. The size of these “dry patches” on the trowel 
or paddle indicates the degree of separation caused by the electrolytes in the 
kettle, and the proportion in which the neat soap will separate from the niger. 

If the dry patches become too large or a drop of clear lye appears at the 
lower corner of the trowel or paddle, it indicates that the electrolyte addition 
has been pushed so far that the kettle contains, instead of the two-phase system 
(neat soap—niger), a three-phase system (neat-niger-lye). Some soapmak- 
ers prefer, under certain conditions, to push fitting as far as that. Such a 
practice certainly makes for a large neat soap yield, but it is up to the soap- 
maker to decide whether or not this is detrimental to the sales qualities of 
his product. 

Should such a three-phase separation take place accidentally and uninten- 
tionally, it can be corrected easily by adding some water or weak solution of 
2-3° Bé to the pan. When the fitting procedure is considered finished satis- 
factorily, the pan contents should be given a last boiling with open steam. 
With the steam valve well closed (it is advisable to open a blowdown valve) 
somewhere in the steam line, in order to make sure that no steam leaks 
through into the kettle), the kettle should be covered and the contents allowed 
to settle, 

Tt must be expected that, during the last operation, the soap will rise con- 
siderably in the kettle. This is due to the contents becoming gradually denser 
by the addition of water and the formation of niger and neat soap. Under 
these circumstances, steam under excess pressure is required in order to be- 
come able to break through, and this higher pressure raises the surface of 
the soap. Finally, the bubbles can escape to the surface and there they build 
up a layer of foam, which will always be found covering the neat soap. When 
the neat soap is pumped away, there is invariably a scaly formation on the 
wall of the kettle which had been left there from the foam. 


(F) UtmizaTIon oF THE NicER Curb 


The niger contains, as a rule, considerable quantities of free caustic soda 
and sodium carbonate; it is an important task of the soapmaker to recover 
these valuable materials by neutralization of the niger with rosin or any other 
free fatty acid. This precipitates the soap, generally in the form of a curd, 
since soap is more soluble in salt solutions when alkali is present. 

The soap is only partially salted-out, however, when the niger is just neu- 
tralized, as can be seen by observing the cloudy appearance of the separated 
lye on the paddle. In such cases, sufficient amounts of dry salt are added 
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to the boiling niger to correct the test. After a few hours of settling in the 
kettle, the lye may be drawn off and the niger curd utilized for the next batch. 

The niger curd cannot, however, be used repeatedly in indefinite succes- 
sions without making some provisions, from time to time, for its purification. 
The impurities of the niger would otherwise be simply returned, to the soap 
and concentrated there to such a degree that finally only dark and dirty soap 
would be produced. 

Various methods have been devised for the purification of the niger. 
When two kettles are available, the niger curd should be pumped into the 
second empty kettle and boiled there with salt water of sufficient strength to 
eliminate the impurities. After a short settling, the lye can be drawn off, and 
the color of the lye gives convincing evidence that there had been a great 
amount of dirt in the niger. The batch may be finished in the same kettle 
where the cleaning of the niger took place, provided that one or two addi- 
tional washes were applied to the first one for the complete purification of 
the niger curd. 

In case it is intended to use some rosin in the fat charge, it is advisable 
to saponify the rosin on the niger and wash the rosin soap along with the 
niger in the same auxiliary kettle. 

It is advisable not to delay drawing off the lye until the next day, other- 
wise the heavy dirt settles out on the bottom and obstructs the valve and 
piping; worse still, the dirt may remain in the kettle, while the clear lye is 
allowed to drain off through the valve. When pumping out the lye, agitation 
should proceed at the bottom in order to keep the heavy dirt in suspension 
and give the suction head an opportunity to retain all the dirt from the 
kettle. If it is not possible, for some reason or other, to eliminate the lye on 
the same day, then, on the next day, it is advisable to open the direct steam 
for a short time and stir up the sedimented dirt at the bottom. 

Pure salt water should be used for washing the niger. Purified niger is 
more suitable for bleaching than when still containing impurities, These 
washings of the niger are important for any kind of neat soap, but they are 
essential for the manufacture of boiled soap. Toilet soaps produced on im- 
pure niger are invariably grey in color. 

A second way for purifying the niger is to collect several batches and to 
finish by fitting and settling on niger. By this method, very efficient purifica- 
tion of the niger may be obtained, since the impurities concentrate in the 
secondary niger. 

Some soapmakers think that it is dangerous to utilize the niger curd for 
a new boil, since it contains: (a) hydroxy fatty acids, (6) unsaponifiable 
fat, (c) mucilage, and (d) coloring matter. However, the authors feel that 
such impurities are not present in a well treated niger to a degree that would 
warrant discarding. 
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(G) COMPOSITION OF THE NIGER CURD 


In the following example, neat soap settled on niger was produced from: 
600 kg. of lard, 900 kg. of tallow, 400 kg. of cottonseed oil. and 1000 kg. of 
palm kernel oil. 

476 kg. of caustic soda was required for saponification. For the “reduc- 
tion” of the caustic, 100 kg. of sodium carbonate was used. The caustic soda 
contained 84.05% NaOH and 15.99% Na.,CO,. The soda ash contained 
98.4% Na.CO,. For fitting of the soap, 292 kg. of salt was used. The tallow 
and the lard were saponified with 22° Bé caustic, while half of the soda ash 
(50 kg.) was added for the maintenance of the proper state of boil. After an 
hour of boiling in the closed state, the other 50 kg. of soda ash was added, 
and the amount of caustic necessary for the saponification of the cottonseed 
and palm kernel oils in the form of 42° Bé solution was measured in. The 
densely boiling soap now received the proper amount of salt for fitting by 
the direct method, and was settled overnight. The following were the yields 


TABLE XYIIT-6 


Fatty acid 
Of neat soap Of niger curd soap 
Melting point, °C. 41 39 
Saponification value PAG HS) 218.2 
Refractive index at 60° 21 18 


and analyses of the layers. The neat soap contained 60.84% fatty acid an- 
hydride. The molecular weight of the fatty acid was 257.6. The niger con- 
tained 53.88% fatty acid anhydride and the molecular weight was 253.04. 

A possible partial reason for the difference between the composition of 
neat soap and niger is that the soapmaker may not be particularly careful 
when salting-out the niger. (Oversalting produces inefficient curds contain- 
ing large quantities of “entrained” lyes.) Another reason for bad curds may 
he the presence of emulsifiers which cause the curd to retain more water. 

The example given also shows that the fatty acids of the neat soap are not 
entirely identical with those of the niger (compare Chap. V, 3), as indicated 
by the difference between the molecular weights of the fetty acids in neat 
and niger. 

A second example illustrates this point still further. A toilet soap base 


with a fat charge of 85 parts of tallow and 15 parts of coconut oil gives the 
analysis in Table XVIII-6 on neat and niger. With repeated use of the niger, 
some modification of the fat charge will take place. 
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(H) Quanrirative Firtine METrHop wirn THE Use oF THE PREssuRE GAGE 


The following procedure is recommended by Wigner:™* 


The rational method [as he terms it] is exactly the same as that described in the 
making of miniature boils, the only difference being that instead of weighing a beaker of 
soap on the scales the soap mixture in the pan is weighed by means of a gage... . 

Suppose, for example, the pan is known to contain 10.5 tons of fatty acids, and the 
curd to be fitted is found to weigh 18.4 tons (corresponding to 57% fatty acids). Then 
we say 10.5 tons of fatty acids yields 10.5 x 1.52 tons of soap hydrate=16.0 tons [66% 
rule of Wigner, Chapter V], and the weight of entrained lye, or free solution, is 2.4 tons. 
The percentage of NaCl in this may be, for the sake of argument, 10.2 {when the salting- 
out is also carried out by the rational method, as described in the next section, the salt 
content of the previous lye is identical with the salt contents of the entrained lye in the 
curd, and is consequently a known value—Au. Note] and from a previous boil it may be 
found that the desired type of fit is obtained by reducing this to 8%. 


2.4 tons of entrained lye with 10.2% salt contains 245 ke. of salt. The 
quantity of solution containing the 245 kg. of salt will amount to 8%. This 
is (2.4 x 10.2) /8 = 3.06 tons. Accordingly, the quantity of water to be added 
for fitting is 3.06 — 2.4 = 0.66 ton. 

The amount of water to be added and the total weight of the pan contents 
to be obtained for proper and planned fitting are known. Water must now be 
added, measuring the difference to the final desired weight of the pan con- 
tents, in small portions, and boiling up with open steam must follow. 

The author of the method just described compared the results which can 
be obtained when the rational fitting is used with the ordinary empirical 
methods of the soapmaker. Wigner showed that the appearance of the soap 
on the paddle is not as reliable for the detection of differences in the yield 
of soap, etc. as is the method of quantitative measurement and corresponding 
adjustment of the contents of the pan. It has been found, for instance, that 
two batches, one yielding neat soap containing 0.5% more fatty acids than 
the other, nevertheless produced paddle tests of very similar character. 


(1) Uririzinc tar RationaL MetHop oF FITTING 


It is known from the study of the phase diagram that neat soap is able to 
exist over a whole range of soap compositions, all of which may be consid- 
ered as proper neat soap. It was Merklen who explained that it is wrong to 
assume that genuine neat soap cannot contain less or more fatty acids than 


exactly 62.5%. The contents of the neat soaps on fatty acids depend on the 
class of the raw matcrials uscd and the way the fitting operation was con- 


ducted. This authoritative explanation helped to clear up a very unpleasant 
legal situation, around the year 1930, when a large number of cases were 


12 J. H. Wigner, Soap Manufacture. The Chemical Process, Chemical Pub. Co., New 


York, 1940, p. 81. 
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brought before the courts of Marseilles, all concerning charges of alleged 
adulteration of neat soaps. 

This is one example showing the importance of being able to control the 
fitting process completely in order to obtain settled soap of the desired com- 
position containing definite amounts of fatty acids. 

The expediency of the rational soap fitting process and all that it implies 
is strongly recommended. The application of such accurate practical meth- 
ods in soapmaking is in keeping with the great progress made recently in 
theoretical and experimental studies concerning the phase behavior of neat 
soap. After learning the existence of a multitude of forms in which soap 
generally, and neat soap in particular, can exist, it is only logical to endeavor 
to master the practical methods which permit the production of any partic- 
ular member of the series. 

In Chapter V, 2, the method for studying a fat charge was described, by 
investigating several of its soap compositions. The analytical data of the 
experimental series, especially the fatty acid contents in the neat soap and in 
the niger against salt contents in the free solution, were tabulated and plotted 
(Fig. V-1). By using such graphs for each fat charge in use at his works, 
the soapmaker can adjust salt concentration in the free solution in order to 
obtain soap and niger of any composition within the limits of the desired 
range. 

Here are a few examples given by Wigner for the use of the rational fit- 
ting method for the solution of some practical problems in soapmaking: 


(a) To produce soap, testing 1% less fatty acids, when wishing to comply accu- 
rately with a certain fatty acid content prescribed by a contract. This counterbalances 
the drying loss suffered by the soap before delivery. 

(6) To reduce fatty acid content in the neat soap, but not by the usual method of 
a smooth fit which would produce more and richer nigers; instead, it is done by con- 
trolled addition of water and salt to a neat soap resulting from a coarser fit. As an ex- 
ample: transformation of neat soap according to sample 3 in Table V-7 into neat soap 
like sample 8 without increasing the niger and its contents of fatty acids. The problem 
is to add water to neat soap containing 63.3% fatty acids and 10.7% salt in the free solu- 
tion, and to form a soap with 61.85% fatty acids and 7.85% salt in the free solution. 
This can be done only when a certain amount of salt is added along with the water, and 
the necessary quantities can be easily calculated from the data of the table. 

(c) For the production of soap powder, a very coarsely fitted neat soap is of ad- 
vantage. Such a coarse fit can be adjusted by keeping to a high salt concentration in 
the free solution defined in advance, by experiment, and obtained directly from the chart. 

(d) Soap base for flakes should be prepared by a coarse fit. Here Wigner clears up 
a curious confusion prevalent regarding the smoothness of fit versus texture of soaps. 
Flakes should not contain mere than a minimum of salt. One would think that a 
smooth fit furnishes a smooth-textured soap. However, Table V-7 discloses that neat 
soap from the smooth fit contains Icss fatty acids and less salt than soap from a coarse 
fit. But neat soap for flakes must be dried until it contains 80% fatty acids. By drying 
the neat soap from a smooth fit to 80%, more water must be evaporated than when doing 
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the same with a soap from a coarse fit. And so it happens that when the neat from a 
smooth fit is dried to contain 80% fatty acids, it will have more salt than the soap from 
the coarse fit which, originally, was richer in salt. 

(e) For the manufacture of soaps run with silicate solutions, it is preferable to pre- 
pare soaps containing less salt. A coarse fit producing soap with a high fatty acid con- 


tent always contains comparatively less salt than a smooth fit with a smaller fatty acid 
content. 


(3) Boiling of Toilet Soap Base 


The manufacture of a high-grade toilet soap involves the production of 
very pure neat soap settled on niger from raw materials of best quality and a 
fat charge suitable for producing soap of the required chemical and physical 
properties. It is mainly on the properties of this toilet soap base that the 
final quality of the manufactured toilet soap depends. 

As to the properties of the soap base which are determined by the soap- 
boiling method used, it may be stated, in general terms, that neither unsa- 
ponified fat nor excess soda should be present over and above a certain 
standard. The contents in free caustic alkali should not exceed 0.05%. Not 
more than 0.1% of unsaponified fat should be present. The salt content 
should be closely controlled and less than 0.5%. Higher salt contents render 
the toilet soap brittle and subject to cracking. 


(A) SELECTION oF RAw MATERIALS 


(a) General Principles. The selection of raw materials should be gov- 
erned by the following main considerations. 

(1) The fat charge must contain fats providing sufficient body and con- 
sistency, such as tallow and palm oil. 

(2) The fat charge should contain fats imparting sufficient lathering 
properties to the soap. These are coconut, palm kernel, and babassu oils. 

(3) Fats which may be called conditioners in the toilet soap base produce 
plastic soaps and can be regarded as plasticizers in the soap body. These are 
lard and certain oils like peanut, olive, or castor oil, which last is occasionally 
used as a conditioner for lathering properties. 

It is essential that these fats should be combined in the proper proportion 
in order to meet the following requirements: proper feel and plasticity, proper 
hardness for economy in use, proper solubility and lathering characteristics, 
proper color and odor, and resistance against rancidity. 

It is sometimes difficult to meet ali these requirements. Some are seem- 
ingly contradictory, such as hardness and plasticity. Jlowever, it is possible 
to combine, for instance, tallow and lard in such a way that the soap will re- 
tain a certain plasticity during milling, yet become hard and glossy when 
stamped and aged. Proper solubility and economy in use, at the same time, 
can be obtained only when great care is taken in the selection of the fat 
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charge. Good foaming and detergent qualities cannot be expected from a 
soap if solubility is so low that the consumer must rub the soap between the 
palms a great deal to yield sufficient lather. 

No fats with crude or bad odors can be used for the manufacture of soap 
base. This applies especially to animal fats of originally bad quality or not 
sufficiently purified. Hardened fats are frequently objectionable because of 
their hydrogenation odor, which tends to develop in the soap on standing. 
The use of a few per cent of rosin has some advantages. It is able to cover 


certain off-odors which may develop, and act as a preserver of the perfume ' 


composition and as an inhibitor against rancidity. 

Chapter XXXI discusses rancidity and its prevention in soap. It should 
only be mentioned here that toilet soap base containing large proportions 
of unsaturated fats such as greases, peanut oil, etc. tends more toward ran- 
cidity than other charges. Certain catalysts promote the tendency for dis- 
coloration and autoxidation, particularly metals such as copper in traces and 
certain aromatic chemicals. Palm oil bleached with air may contain very 
large amounts of fatty peroxides. Coconut oil fatty acids kept for a long 
time in iron drums always contain large amounts of iron. 

The following are general conclusions which can be derived from the the- 
oretical knowledge of properties of fats and their soaps. With increasing 
molecular weight the solubility of the sodium soaps decreases. In the same 
sequence, the lathering qualities increase till lauric acid is reached in the 
series; from here downward the lathering capacity is gradually lost. In the 
sequence of increasing molecular weight, the bubbles of the suds become 
smaller in size, but the foam becomes more stable. At the same time, de- 
tergency decreases, electrolyte stability diminishes, and the toxic action on 
the human skin decreases. 

The hardness of the soap depends on the iodine value of the fats and 
on the molecular weight of the fatty acid: the lower the iodine value and 
the higher the molecular weight, the harder the soap will be. A high molecu- 
lar weight involves a low saponification value. In order to produce a hard 
soap, a fat charge with low iodine value and low saponification value 
should be selected. Coconut and palm kernel oils have high saponification 
values, but owing tgtheir extremely low iodine value they still produce hard, 
even brittle, soaps. Rosin is an exception, since it has a low saponification 
value and yet produces a soft soap. 

Solubility and lathering property are generally higher in soaps from oils 
with higher iodine values and high saponification values. Again, coconut 
oil has an extremely low iodine value, but a very high saponification value, 
so it furnishes a special kind (palm kernel oil, babassu oil. and the like are 
similar) of hard soap which dissolves easily and lathers well in cold water. 


(6) The I.N.S. and S.R, Factors of Webb. Webb** proposes a practical 
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formula for the estimation of the properties of a soap based on the chemical 
characteristics of the fat charge or of those of the particular fats used. He 
derives his formula from the same considerations described above. He pro- 
poses the /.N.S. factor, which is the saponification value minus the iodine 
value. It is obvious from the above that the higher the I.N.S. factor, the 
harder will be the soap of the particular fat. Table XVIII-7 contains I.N.S. 
factors for several fats. 

For the proper estimation or prediction of the properties of a given con- 
centration, Webb1® proposes the soap solubility ratio (S.R.), which, for a fat 
charge, is calculated by dividing the I.N.S. factor of the mixture by the sum 
of the I.N.S. factors of the oils present in the mixture possessing a factor 
higher than 130 (including palm kernel and coconut oils). 


TABLE XVIII-7 


I.N.S. Factors ror SEeveRAL Fats#4 


Coconut oil 250 ard oe Ps ee - By 
Palm kernel oil Le ie. SEE) Olive oil ee 8 
Vegetable tallow é 165 Peanut oil i ee 12) 
Mutton tallow - 155 Cottonseed oil - cs 
Beef tallow ee 165i) Corn oil ocr 
Palm oil ~ ee 146 Soybean oil ee ee) 
Bone grease — _ k: ecg LAD Linseed oil ee ae ee 


A fat charge mixture for t oilet soap base should have an I.N.S. factor of 
160-170 and an S.R. ratio between 1.3 and 1.5, but not higher than 1.7. For 
household soaps of the types produced by fitting and settling on niger, the 
I.N.S. factor might be lower, ranging between 120 and 160, and the S.R. be- 
tween the limits 1.5 and 1.9. 

Lederer™ calculated for some practical examples of fat charges the re- 
spective I.N.S. and S.R. factors. He found that, while the I.N.S. factor, to a 
certain extent, offers a proper indication, the S.R. factor, in many cases, fails 
to give a true picture of the properties of the soap. 

Apart from this, it must not be forgotten that the hardness of soap and, to 
a certain degree, its foam properties, are very much dependent on the boiling 
method used. It has been shown, for instance, that it is‘possible to produce 
hard soaps from peanut and cottonseed oils when the curd is boiled for a long 
time on concentrated lyes. It should be noted that the foaming properties 
of such soaps can also be influenced by the boiling method. It has been 
found that soaps prepared by the process of boiling clear on concentrated 


lyes display a peculiar property of producing a “sticky,” slimy, layer, when 


13 EF. T. Webb, Chem. Trade J., 77 (1925), 59. 
14 E, L, Lederer, loc. cit., p. 17, 
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used with water, which is never found in other soaps. Such soaps also have 
somewhat hetter lathering qualities than ordinary curd soaps produced from 
soft oils. 

(c) Rayner’s Experiments. The practical approach of Rayner’® to the 
problem of “pan charge and physical properties” should be reported here. 
We cite from his experiments, in which the properties of soap are measured 
by three mechanically standardized methods: 


(a) Determination of hardness. The test machine measures the resistance in pounds 
which a bar of soap moving at a standard rate offers to a cutting wire attached to a 
spring balance... The apparatus was found to be sufficiently accurate for .. . re- 
cording hardness figures of 20 Ibs. to 1.25 lbs over the range of samples examined. 

(b) Determination of solubility. This was made by determining the time in minutes 
required to dissolve completely a 0.25 in. cube of soap fixed in a copper gauze box at- 
tached to a rotating frame immersed in water at the required temperature. By suitable 
illumination of the box, it was found possible to observe the point of complete solution. 

(c) Determination of rate of abrasion. This apparatus was designed to measure 
the relative wastefulness of the soaps in practical use. A piece of the soap to be tested 
is carefully cut to the size of 2 in. by 2.5 in. by 3.75 in. thick, and this is fixed to a base 
plate in a copper bath containing the water and friction gear. The friction gear consists 
of a heavy metal plate of the same dimensions as the piece of soap, covered with a 
layer of flannel and during the period of the test the friction gear causes the plate to 
move backward and forward at a uniform speed and pressure, the soap being thus sub- 
mitted to a regular amount of friction. 

After the required treatment has been given, the water is emptied from the bath, 
and the soap is removed, freed from surplus moisture and weighed. The loss in weight 
thus measures the amount of soap which has been rubbed or dissolved away from the 
surface, together with such a relatively small amount as has been dissolved from the 
edges and underneath the surface which is pressed close to the hase. 

The loss of weight in grams is recorded as the abrasion number. In the case of 
determinations carried out at 60°F., a suitable time for the test was found to be 20 min- 
utes; and in the case of hot water--100—]10°F., 10 minutes. . 


The comparison of properties was carried out after a series of oils and 
fats had been saponified and fitted to a similar degree of fineness, and con- 
tained 0.1-0.3% of salt and 0.1% free alkali. Rayner’s results are given in 
Table XVIII-8. There are a number of interesting conclusions to be drawn 
from these figures. (1) The hardness of sulfur olive oil soap is not lower 
than that of tallow soap. Palm oil soap is twice as hard as tallow soap, al- 
though both have almost identical titers. Coconut and palm kernel oils fur- 
nish the hardest soaps. (2) Tallow, palm oil, and highly hardened whale 
oil produce the least soluble soaps, while coconut oil, palm kernel oil, sulfur 
olive oil, and soybean oil produce the most soluble soaps, and peanut, cotton- 
seed, and slightly hardened whale oils occupy a middle position. (3) The 
most wasteful soaps are those made, peanut oil, and soybean oil soaps, which 


15 A, Rayner, Soap, Perfumery and Cosmetics, 11, 1086-1088 (1938); 12, 49-51, 
152-153, 324-326, 345 (1939). 


TABLE XVIIL8 


PuysicaL Properties oF InpivipvuaL Soapsi5 


F : Hardness Solubility. min. Abrasion No., g.° Solubility No.* 
Kind of soap Jo FA iiter san. fatal lh = = a =a = = 
M 100°F. 110°F. 60°F. 100°F. 11l0°F. 100°F. 110°F. 
(Comitt + on 59.3 23.4 20 10 & 3 45 54 100 125 
Palm kernel Sete neater 6 59.5 23.0 15 10 9 4 47 57 100 11 
Tallow 1 ae 60.1 43.9 3 195 65 ia a 12 5.1 15.3 
Tallow 2 ae = 60.9 44.0 PES) - : — 
Sulfur olive oilf 1 ; 60.3 16.0 a 8 6 14 M M 
Sulfur olive oil’ 2 z 58.5 28.0 2.75 ~ 
Sulfur olive oil’ 3 _- 60.3 17.5 PA) - = 
Palm oil 60.9 45.0 5 190 60 4 6 10 He 16.6 
Skin grease : 60.3 40.0 PAs - - — — — 
Peanut oil bs 60.0 23.0 1235 21 14 12 M M 
Cotton oil = 60.6 34.6 le 18 13 9 20 M 55 77 
Wardened whale oil 1 61.7 31.0 24 23 19 9 16 20 43 52 
Hardened whale oil 2 _ 63.1 44.0 7 270 90 1 5 9 Boal Ll 
Soyhean oil 61.2 20.0 1.25 9 7 23 M M — — 
Olein E : 60.8 10.0 2.5 - “+ ~- — — = 


#1000 divided by the time of solution of the standard in minutes. 
»M, melted. 
¢¥xtracted oil from olive oi} press residues. 


) 
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melt at 100°. in the abrasion machine. Cottonseed oil soap melted only 
at 110°F., and was, curiously, less wasteful at 100°F. than coconut oil soap. 
Coconut oil soap was less wasteful in the cold than tallow soap, but greatly 
exceeded tallow soap in the hot state. A very important property of tallow 
and palm oil soap is that their abrasion number (or wastefulness) does not 
change very much in moderately warm water. 

Table XVIII-9 shows the determinations made with various fats.!° The 
conclusions from these experiments are as follows. (1) The properties of 
soaps from an individual fat are not appreciably changed when mixed with 
other fats, and the properties of the mixture can be predicted from the na- 
ture of the composition. “(2) The higher the content of coconut oil or palm 
kernel oil, the liarder will be the soap, and this will influence its hardness far 
more than the content of solid fats such as tallow and palm oil. (3) Provided 
there is not a wide difference in solubility, the harder the soap is, the less 
waseful will it be in cold water; and high solubility in cold water will be 


TABLE XVIII-915 


Solubility Abrasion No.. g. 


je ee Ae eee ke 

1 Grease 85, 62.6 36.2 3 ee) 70 19 140 = 1.08 
Coconut oil 15 

2 Tallow oil 70, 61.4 29.7 PATO a 13.5 30 Us? 348 
Coconut oil 30 

3 Tallow 75, 61.8 87.4 PGS) 38 11.0 a) lol 1.44 
Coconut oil 25 

4 Tallow 50, 61.9 ool 4.5 vies 8.0 30 179 2.36 


Coconut oi] 50 


caused more by the presence of soaps of liquid fatty acids rather than by 
those of the coconut oil group. (4) Wastefulness in hot water, on the other 
hand, unless the solubility is practically identical, will be governed almost 
entirely by solubility, which with commonly occurring mixtures varies over 
a range sufficient to vitiate any difference in hardness.”** (5) In comparing 
the de facto determined solubility of the four soaps with the solubility ratio 
factor of Webb, it is obvious “that no general reliability can be placed on 
this factor, since No. 2 and No. 4, while having an actual ohserved solubility 
which is identical, have widely differing solubility ratios.” 

In a further series of determinations, milled toilet soaps of good quality 
have been compared with the properties of 63% laundry soaps. 

These last investigations show the surprising result thai toilet soaps, in 
spite of their carefully compounded fat charges, their higher fatty acid con- 
centration, and their apparent higher hardness, are relatively more wasteful 
than good laundry soaps containing only 63-05% of fatty acids. The reason 
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can only be found in the specific physical state into which the toilet soap had 
heen transformed through the milling procedure. In this connection we must 
remind the reader that, depending upon the conditions in which the soap mass 
had been worked during milling, the soap may appear in a number of crys- 
talline forms. When dealing with this matter, it was explained that the prop- 
erties which undergo changes with the varying crystalline forms are solubility 
(abrasiveness) and foaming power (Chapter III, Section 4). 


(B) Roe oF Coconut Or In THE Far CHarce 


It could be seen from Rayner’s experiments that coconut oil has a low 
abrasive factor at 60°C., which, however, increases with rising temperature. 
This means that, in soaps which are mainly used in cold solutions, a large 


TABLE XVIII-10 
Puysicat Propertirs oF ToILreT Soaps As COMPARED WITH LAauNpRY Soaps15 


Abrasion No. 


Sample FA, % Titer, “c. | Man a oOo. «10, 
20 min. 10 min. 
A 82.5 341 262 4% 80 27 34 
B 81.5 36.9 272 5% 83 32 37 
C 81.0 37.5 262 Te 81 15 29 
D 80.9 37.1 263 5 80 23 32 
LAUNDRY SOAPS 
A 65.3 238.8 263 3% 133 ll 40 
B 65.7 31.7 267 3% 125 16 44. 
Cc 64.6 313 269 3% 111 gd 39 
D 63.2 20.0 240 3% 170 33 81 


proportion of coconut oil did not make itself felt as particularly wasteful. 
But in bath soaps, for instance, this would be detrimental for the lasting prop- 
erties of the soap. 

Some workers, who limit the proportion of coconut oil in the fat charge of 
toilet base to a maximum of 10%, maintain that a higher proportion of coco- 
nut oil would cause the base to retain quantities of salt that exceed the al- 
lowable standard and that such a soap could not be milled to a satisfactory 
product. Others are of the opinion that the minimum should be 15%, but 
that good toilet bases can be boiled with 30% of coconut oil in the fat charge. 
However, this last figure is undoubtedly an overestimation of how much coco- 
nut oil a properly composed toilet soap should contain. Such a base would 
become quite brittle, especially after drying to the required 80% fatty acids. 
Even the lather would not be of the required quality; although voluminous, 
it is thin and easily collapsed. 
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Therefore, probably the best practice is to include in the fat charge not 
less than 15%, but not more than 20%, of coconut oil or palm kernel oil. 
Whether to use the minimum or the maximum limit will depend on the rest of 
the fat charge. In the presence of soft oils like peanut oil or even lard, it is 
possible to use the lower limit. 


(C) Fat Cuarces For ToiLer Soap Bases 


(1) 85 parts tallow (first quality) 

15 parts coconut oil (first quality) 
(2) 75 parts tallow (first quality) 

10 parts peanut oil (light quality) 

15 parts coconut oil (frst quality) 
(3) 50 parts tallow (first quality) 

38 parts lard 

12 parts coconut oil (first quality) 
(4) 40 parts palm oil (bleached) 

45 parts tallow (first quality) 

15 parts coconut oil (first quality) 
(5) 55 parts palm oil (bleached) 

20 parts olive oil 

7 parts castor oil 
18 parts coconut oil 


(D) Bortinc oF Tortet Soap Bases (SAPONIFICATION, 
WASHES, AND FirtTinc) 


Boiling of soaps of the purity required for toilet soap base must be car- 
ried out by the indirect method. 

First day’s operation. The fat charge, with the exception of the coconut 
oil, is pumped into the kettle and boiled through with direct steam until the 
charge is melted down. Some 10% of the total caustic alkali needed is now 
brought into the kettle in the form of 15—20° Bé lye. The steam valve should 
not be opened wide at this stage, and the kettle should only boil gently. After 
the first batch of lye is absorbed and the pan content has become closed, a 
new portion of the caustic may be introduced and boiling continued until the 
mass appears well emulsified, a new addition of caustic made, and so on, 
until the soap retains considerable lye strength. After the last batch of 
caustic has been added, the test with chemical indicators should show a strong 
color. If a separation of the layer occurs during the saponification period, no 
further lye addition should be made, and the pan should be boiled for a while 
until the excess alkali is used up, and only the proper excess remains that 
enables the pan to boil normally. It may become necessary to add some wa- 
ter in order again to bring the soap to the proper closed state. In general,” 
the same principles govern the saponification process in this case as were de- 
scribed for the procedure with other soaps, 
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However, it must be remembered that, at the first stage of saponification, 
in the boiling of toilet soap base, only fats very sensitive to electrolytes are 
in the kettle, and this calls for great caution while the addition of caustic soda 
is being made. 

When completely neutral tallow is used, it may happen that no emulsion 
is formed at all at the beginning of the saponification, In such a case the 
best thing to do is to shut the steam for a period of 1 to 2 hours to give the 
mass a chance to start saponification. When this takes place, the mass pro- 
duces considerable heat and rises in the kettle. Such a practice is not without 
its dangers, since sometimes the saponification reaction may set in with such 
violence that the pan content suddenly boils over. To prevent this, it is good 
practice to add some weak salt solution of about 6° Bé to the kettle. The 
practical soapmaker’s methods for judging the state of boil by tests were de- 
scribed earlier in this chapter and these tests also may be applied in this case. 

Toward the end of the saponification process, acid soaps in the soap mass 
may be produced with all that this implies (excessive viscosity, bunching, 
etc.). This happens through lack of sufficient quantities of electrolytes in 
the kettle, and can be prevented by adding about 1%—calculated on the fat 
charge—of 20° Bé salt solution to the pan contents, at the point when most 
of the total calculated caustic lye has been used up. The soap solution will 
become much thinner at once, and the danger of bunching will be avoided. 

If, however, the mishap occurs and the soap becomes viscous, the only 
way out is to add, at once, a large portion of lye and to boil vigorously until 
the soap has thinned out again. The earlier the inclination of the soap for 
bunching is detected, and the sooner the countermeasures are taken, the 
easier it will be to repair the damage already done. 

When the soap, at the end of the saponification period, is found to be 
sufficiently homogeneous, and all the tests described earlier are satisfac- 
tory, the next operation (salting-out) may start as usual. With this type of 
soap it is important that the soap have a high degree of mobility before grain- 
ing is carried out. Sufficient water should be added until the pan boils in an 
easy manner and the soap solution also glides from the trowel with a certain 
fluidity. 

When a large excess of alkali must be disposed of, it is done by adding 
some coconut oil and boiling the mixture. Coconut oil combines very readily 
with the excess caustic soda under these circumstances. 

Only pure salt should be used for the salting-out operation. The finely 
granulated salt is spread over the whole surface of the kettle while the con- 
‘tents are kept steadily boiling during the whole period. One must be sure 
that salt is never dumped in lumps. and in excess, into the kettle. The mass 
should be tested at frequent intervals with the trowel and, as soon as separa: 
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tion into curd and lye is indicated, the addition of further salt must be 
stopped. Boiling is now continued for about an hour in order to rid the curd 
of the adsorbed salt. 

A good toilet soap base should never contain more than a certain mini- 
mum of salt. This is why salting-out should never be done on lyes stronger 
than 10-12° Bé. More concentrated lye requires the use of quantities of salt 
over and above the normal. The appearance of a properly grained, but not 
oversalted, curd on the trowel and its aspect in the kettle are described earlier 
in this chapter. The methods for regulating water and electrolyte content ac- 
curately and for conducting the graining process according to a kettle plan 
are described in Chapter XVII. 

The kettle is now covered and left to settle overnight. 

Second day’s operation. Next morning the lye is drawn off. As a rule, 
this is done by draining through the valve in the bottom of the pan by the 
natural head of the liquid; in some plants, the lye is pumped directly into the 
glycerine department. However, it is better practice to give the lye a chance 
to cool and precipitate the hydroxy fatty acid soaps or any other traces of 
soaps if still present. 

The curd is still hot in the pan and in this state some 4° Bé caustic soda 
is added in an amount equal to about 8% of the fat charge. The caustic 
must be boiled through until the whole mass boils homogeneously. At this 
point, 38° Bé caustic lye is added in an amount equivalent to the coconut oil 
which will have to be introduced in the pan. Thereafter, the whole amount 
of coconut oil is added. In fact, a small excess of caustic beyond that re- 
quired for the saponification of the coconut oil must be present. In these 
circumstances, there is sufficient electrolyte in the kettle and the coconut oil 
saponifies quickly and the mass boils easily and in the proper state of emul- 
sion. The second graining is carried out by observing the same principles as 
described on the first day’s operation. It is of utmost importance that no 
more salt should be used than is absolutely necessary. It is, in this case, not 
necessary to carry out the boiling clear operation. 

Whether or not a third wash for glycerine recovery is made depends on 
the kettle plan to be followed. 

Third day’s operation—fitting. There is again a hot curd in the kettle. 
The procedure of fitting by the indirect method, which means by adding suf- 
ficient amounts of water or diluted salt and caustic solution to the curd until 
the proper amounts of niger and neat soap have been formed, is described 
in Chapter XVII and on p. 358 ff. In this case, caustic lyes or salt solution of 
1-2° Bé is used for fitting. 

The operator must decide on the type of fit desired for each type of soap, 
and the salt concentration must be adjusted accordingly. 

The rational method, as described by Wigner, and the use of the mano- 
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metric gage for all processing of toilet soap base is recommended especially 
for beginners, although all practical tests of the empirical soapmaker have 
also been described in this chapter. 

Everything that has been explained concerning neat soap yields and con- 
ditions for niger formation is also valid for the process of settling neat soap 
on niger for toilet soap base. 

The purification and utilization of niger has been dealt with on page 360 
ff. It must be borne in mind that thorough purification of the niger has 
special importance in the case of toilet soap base, since in this process every- 
thing must be avoided that would adversely influence the purity of the 
product. 


CHAPTER XIX 


FULL-BOILED UNSETTLED SOAPS 


(1) Half-Neat, Eschweger, or Mottled Soaps 


These soaps are well-known all over the European Continent and are held 
in very high esteem, particularly in Russia. The Germans used to be highly 
specialized in the manufacture of this kind of soap, for which, in the past, 
they had acquired command over the South American and West Indian mar- 
kets. On the following pages, the method of boiling Eschweger soap in Ger- 
many is described in detail. 

Eschweger soap is in itself a special class of soap with a characteristic 
“feather” or design, and this is the reason that, in some countries, it is called 
“unsettled soap.” In a strict sense, this soap should be classed as a solid un- 
settled soap, since in its manufacture neither clear lye nor niger is drawn off. 
Nevertheless, it is also true that with this kind of soap the occurrence of niger 
or lye is involved. The difference from other processes, however, lies in the 
fact that in this case the layers never really separate into two distinct phases. 
Neat soap and niger remain intermixed, and this is the cause for the forma- 
tion of the characteristic “mottle.” The effect is obtained by the use of elec- 
trolytes (sodium carbonate, salt, sodium silicate, etc.) in such amounts as to 
cause an incomplete separation between the two phases which becomes visible 
after solidification in the forms. The finished Eschweger soap is a mixture 
of neat soap and niger. This is the reason for the classification of the soap as 
a “half-neat soap.” 

The popularity of Eschweger soap in the various parts of the world may 
be explained by its showy appearance, its content of useful ultramarine blue 
which may be considered by the customer to act as wash blue, its cheapness in 
comparison to neat soaps, and its ready solubility and good lathering prop- 
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erty. Of course, it is more wasteful in use than ordinary neat soaps, but it is 
said to be more economical when compared with unsettled soaps of other 
kinds. 

The mottle is generally colored blue, but sometimes it is red, grey, or 
greyish blue. 

The soap yield is generally between 205 and 210%. This applies only 
when, in addition to the electrolytes necessary for the partial separation of 
the layers, no other filling materials are added. 


(A) Far Citarce 


(1) 60 palm kernel oil (4) 40 coconut oil 
20 lard 20 tallow 
20 tallow 20 palm oil, bleached 
(2) 40 palm kernel oil 20 corn oil 
30 palm oil (5) 40 coconut oil 
30 bone grease 40 tallow 
(3) 40 coconut oil 20 peanut oil 
20 hardened fat (6) 55 palm kernel oil 
20 cotton oil, neutralized 7.5 tallow 
20 lard 22.5 bone grease 


15 cotton oil, neutralized 
General rules for the composition of fat charges are: 


(a) Not less than 35% of coconut or palm kernel oil should be used in the fat 
charge. (However, there are experts who maintain that even 15% of these oils would be 
sufficient, and in times of scarcity the use of less coconut oil may be attempted. The 
mottle may then not develop as perfectly.) 

(6) The titer (solidification point of the fatty acid in the charge) should not be 
below 30°C. 

(c) The saponification value of the fatty acids (neutralization value) should not be 
below 222, 


The minimum batch for the manufacture of Eschweger soaps should not be below 
1000 kg. With smaller batches there is danger of the soap cooling and solidifying 
before proper separation takes place, so that the required design will not be obtained. 

There are two methods for the manufacture of Eschweger soaps. One 
procedure is similar to that described for the finishing of neat soaps settled 
on niger, so it is possible to produce the proper degree of separation by add- 
ing a certain amount of electrolytes to a homogeneous soap solution. This 
procedure is called the direct method (in accordance with the explanations 
given for the finishing of neat soaps). The indirect method is the procedure 
by which a neat or curd soap is diluted until it produces the required degree 
of separation. 


(B) THe Direct MetHop 


(a) Saponification. First, the cuttings are charged from the previous 
boil into the kettle. About one-third of the total caustic lye required as per 
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calculation is then added and boiling with open steam is carried on until the 
cuttings begin to dissolve. If the fat charge is composed of fatty acids in- 
stead of neutral oils and the saponification is carried out with the carbonate 
method, it is more difficult to dissolve the cuttings. In such cases it is ad- 
visable to collect the cuttings from a number of boils, and to produce Esch- 
weger soap from them in a separate batch in the same manner but with 
caustic soda used as saponifying agent. 

After the pan contents are well liquefied, the fat charge should be brought 
into the kettle and boiled until a test shows that almost no caustic remains. 
The saponification should now be completed as already explained. At the 
end of the saponification, 0.2% free caustic soda should be left in the soap. 

(b) Concentration. The homogeneous soap solution, at the end of the 
saponification period, is generally too diluted for any further treatment. If 
this is the case, the solution must be concentrated and this is done by boiling 
by means of a closed steam coil. By boiling the pan contents, it gradually 
becomes clear and bright, the foam rises, the surface becomes smooth under 
the foam layer, and the foam layer gradually disappears. Concentration by 
this process should be carried on until the soap becomes so viscous that the 
steam evolved by evaporation within the mass breaks through by forming de- 
signs of while concentric rings on the surface. This design was called the 
rose design by the German soapmaker (the soap breaks through in roses). 
The appearance of this design discloses that the concentration of the soap 
solution has reached the proper degree for the following operation. 

(c) Liquoring. The electrolytes used are salt, sodium carbonate, potas- 
sium carbonate, and sodium silicate. The first three are employed in powder 
or in solution form, while sodium silicate is always used in one of the solu- 
tions commercially available. In Germany, the 36—38° Bé was in use, while 
in the United States, mainly the 42° Bé form is used. It should be borne in 
mind that the latter grade is more alkaline than the former one, containing 
about 2 parts of SiO. to every part of Na,O (see Chapter IX, Section 4). 

Because salt has the strongest electrolytic action among all the electrolytes 
mentioned, its addition must be in small portions and with utmost care. If 
the caustic soda used during the saponification period contained any elec- 
trolytes, such as sodium carbonate, in larger proportions, as was the case in 
Russia in earlier periods, then further additions of electrolytes after the con- 
centration process has taken place may become unnecessary. The electrolytes 
present may already be sufficient for producing the required separation. 

Among all other electrolytes, probably the safest agent for this process 
is potassium carbonate. It is better than salt because of its slower and weaker 


separating or graining action, and by using it instead of salt there is less 
danger of oversalting or overdoing the separation into two layers. In com- 


parison with sodium silicate, it has the advantage of keeping the soap plastic, 
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and not hard and britile. Contrary to what happens when sodium carbonate 
is used, the soap never effloresces, that is, a white precipitation of sodium 
carbonate never appears on the soap surface. 


The following is a practical test for the determination of the degree of 
separation. 


A small sample about 1.5 inches in diameter is dropped on a glass plate and kept 
for 5 minutes in the vicinity of the kettle. It is essential that the sample should solidify, 
but not cool down too quickly. Therefore, in the summertime, it should be kept at some 
distance from the kettle. After 5 minutes, the sample should be solid, but it should be 
possible to squeeze out a drop of clear liquid soap when gently pressed with one finger. 


Should the test turn out to be negative electrolytes must be added, in 
very small portions (particular care must be exercised when salt is used as 
electrolyte), and after each addition the glass test must be repeated. Utmost 
care is required at this stage in view of the danger of the charge becoming 
oversalted to such an extent that no correction is possible. In such a case 
the soap must be completely salted-out and the whole procedure started from 
the beginning. 

Oversalting is indicated when, while making the glass test, a drop can be 
squeezed out even after a period of 7 or 10 minutes. Moderate oversalting 
can be corrected by diluting the salt concentration by addition of soap. This 
can be done by pumping some additional fat charge into the pan, saponifying, 
and finishing as above. The main condition to be fulfilled is to maintain the 
proper soap concentration. With the proper concentration the quantity of 
electrolytes present is sufficient to effect the desired degree of separation. 

If the electrolyte concentration has been pushed so far that the pan con- 
tents display a too diluted appearance, boiling without the typical rose forma- 
tion, the boil is beyond correction. An oversalted condition can also be 
detected by the flutter test. When the soap flutters in large bubbles when 
thrown from a trowel, separation has been pushed too far, and the kettle space 
would be insufficient for an attempt to dilute the salt concentration by addi- 
tion of soap made from fats added on top of the soap already in the kettle. 

(d) Dyeing. After the proper conditions (free caustic, water, and elec- 
trolyte contents) have been adjusted and regulated, the dyeing of the soap 
should be carried out. Ultramarine blue, iron oxide, or red clay is used as 
coloring matter. 2 keg. of ultramarine blue, 2-3 kg. of red clay, or 1 kg. of 
iron oxide is used for 1000 kg. of fat charge. The colors are prepared by 
mixing with boiling water in a proportion of 3: 1 color to water, along with 
a small addition of caustic soda. The color suspension is added to the soap 
while still boiling; the steam must be shut off immediately hereafter. 

(e) Cooling in Frames. The colored soap must be filled in forms of suit- 
able size. The frames should not be too small, since congealing would set in 
after too short a period and there would not be sufficient time for the soap to 
produce the proper separation and design. On the other hand, too large a 
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frame would keep the soap liquid for a long time, entailing the danger of too 
extensive separation, and resulting in the color settling down and the design 
developing in the lower part of the soap slab only. When steel frames are 
used for molding, it is advisable to cover the frames well against too quick 
cooling of the walls. Some soapmakers prefer to agitate the contents of the 
frames until it is cooled down to a suitably low temperature. 


(C) Drrects AND TROUBLES 


(1) The consequences of a deficiency or an excess of electrolyte and the 
means for detecting, preventing, and correcting them have been explained. 

(2) Deficiency or excess of water always manifests itself by a thin 
consistency of the boil. With too little water the electrolyte concentration 
thins out the pan contents, and with too much water the soap becomes exces- 
sively liquid simply because of the dilution. Whether the reason for the 
trouble was too much or too little water in the pan can be discovered easily by 
boiling on and observing the kettle condition. When the boil regulates itself 
and becomes normally viscous again, this indicates that there was too much 
water in the kettle (it simply evaporated by continued boiling). But when 
there is sufficient water in the kettle, the consistency of the soap becomes even 
more liquid by boiling—because with further evaporation of water the elec- 
trolyte concentration and, consequently, the cause for its liquidity, increases. 

(3) Splashed mottle. Eschweger soap is said to have a splashed mottle 
when the coloring matter is divided too finely over the body of the soap. This 
is a consequence of too concentrated soap, but it may also be caused by the 
use of too much tallow or similar fats in the fat charge. 

(4) Too much free alkali in the soap prior to the saponification with 
electrolytes produces the same effects as an excess of electrolytes. 


(D) Compostrion or NorMAL ESCHWEGER SOAP IN 
VARIOUS STAGES OF PRODUCTION 

Fat charge: 2000 kg. 55 parts palm kernel oil, 22.5 parts bone grease, 7.5 parts tal- 
low, and 15 parts cottonseed oil. 

The saponification value of the charge is 221. For saponification of 
100 kg., 15.76 kg. of NaOH is needed. For regulation of the alkalinity at the 
end, another 0.4%, (16.16 kg.), and for 2000 kg. of fat 323.2 ke. of NaOH 
are necessary. Technically, the caustic soda contains only 94.1% NaOH; 
consequently, 343.5 kg. of commercial caustic soda is used. The calculated 
amount of caustic soda is dissolved in 1800-1900 kg. of water, and the fat 


charge is saponified and strengthened as described above. The direct method 
is being used in this experiment. See Table XIX-1.16 


16],. Ubbelohde and H. Heller, Chemie und Technologie der Seifen und Wasch- 
mittel, Hirzel, Leipzig, 1930, p. 478. 


380 C. PRACTICAL SOAP-BOILING PROCESSES 


TABLE XIX-1 


Anatysis or Motttep (Esciwecer) Soar In THREE Staces oF Iis Preparation’ 


Ist stagze— 2nd stage— 3rd 
(Cann soap before soap after we en ae 
OD SEEUcnts electrolyte electrolyte Soap teacy, 
addn., % addn., % 3 AOE Sao 
Hatty@acids) 3. eae 49.26 48.03 48.78 
Naz combined =: ee 6.02 5.90 6.08 
NaOH 2222= 0.19 0.18 0,18 
NiO) a ee 0.27 1.91 1.97 
INacG@Q;meeee 4 Traces ‘Traces Traces 
Wietelae somerset fn ee 44,26 43.98 42.00 


Eschweger soap was produced from the same fat charge; but instead of 
salt, sodium silicate was used as electrolyte. The results obtained are given 
in Table XTX-2.16 

Examination of Eschweger soap boiled from a fat charge containing 60 
parts of palm kernel oil, 30 parts of tallow, and 10 parts of lard gave the data 
shown in Table XIX-3.1° Sodium silicate was used as electrolyte. 

This last investigation reveals a number of facts. Separation of the lay- 
ers is produced very similarly to the process taking place when neat soap sep- 
arates from niger. Here, too, there are two phases, one phase containing 
more, and another less, fatty acids. The difference, however, between the 
fat concentration of the two layers is not very great. It should be noted that 
the practical salting-out of the different fatty acids and their distribution 
between the two layers are much more distinct in this case than with settled 
soap on niger. 


(E) Tue Inprrecr Meruop 


This method is used when the fat charge contains impure ingredients, like 
certain kinds of tallow and bone grease. 


TABLE XIX-2 


Anatysis oF Morriep (EscHwrcer) Soar in Various Sraces or Its Propucrion 
(Soptum Srticate Usrp as ELectronyte) !¢ 


: Soap before Soap after Ghicrnte Ready soap separated ty 
Constituents electrolyle electrolyte paca aa: 

addn., % addn., % > 72 Curd, % Feather, % 
attye (aCitls meee 47.3 44,95 46.53 50.84 42.45 
INen@) Teambined | ss 5.94 5.66 5.78 0.52 5.39 
NazO combined with SiO. — — 0.90 0,93 0.08 1.07 
Nan = 0.16 0.20 0.21 0.02 0.44 
0.27 0.24 0.26 0.02 0.29 
0.13 0.12 0.12 0.01 0.15 


_ 2.43 2.61 0.23 3.02 
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At the start, only the ingredients other than coconut and palm kernel oils 
are saponified, and graining is carried out with great care, lest the neat should 
should be oversalted, the excess salt causing difficulties afterward at the finish- 
ing operation. To make certain that no trouble of this kind occurs, it is a 
good practice at this stage to use caustic soda instead of salt for graining. In 
case of an overcharge it is easy to eliminate the excess NaOH by adding some 
coconut oil and neutralizing the caustic by saponification. 

After the curd has formed, ample time for separation of the layers should 


be allowed, especially when salt is used as electrolyte. The spent lye should 
be well drained. 


TABLE XIX-3 


AwnazryticAL Dara on Motriep (EscHWEcGER) Soap FROM Patm KerRNEL OIL, 
Tattow, AND Larpié 


; Soap before Soap after Gan Ready soap separated in 
Constituents electrolyte electrolyte fave MT - ie 
addn., % addn., % ED tes Curd, % Feather, % 
[OR WARY? EVO IS: 8 ee ee 29.26 48.03 52.48 44.3 
Na.O combined with fatty 
GRE) eS 6.15 5.84 6.28 5.41 
Na2O combined with SiO: __ = 1.03 0.22 1.38 
Na @Elm, 2. Stet. Ae... Sees 0.22 0.25 = 0.47 
NasCOs 1,552 1.36 — 1.54 
SiOs "i... 2S 3.81 0.84 4,98 
Melting point of fatty acid 30,2 — 30.8 26.1 
Vesa wel: 2 20 — 32.7 21.0 
Saponification value —_______ 227 _ 216.5 Bao 


The cuttings from the previous boil and then the caustic lye necessary 
for the saponification of the coconut or palm kernel oils should be added to 
the curd in the pan. From now on, the Eschweger soap may be finished either 
by the direct method, as was described above, or by the indirect method. 
The pan contents are again carefully salted-out with caustic soda. After 
a very thorough separation of the layers, the curd receives sufficient water 
to be suitably adjusted for the following operation of final electrolyte treat- 
ment, Before these are added, the glass test should be made in order to ascer- 
tain whether or not sufficient electrolyte is already present in the kettle from 
the previous operations. 

The addition of water can be made with greater assurance when it is 
carried out with the help of analytical control. For this purpose, the fatty 
acid contents of the soap curd must be ascertained, by the wax cake method 
Chap. XXXIX). If the curd contained 56% of fatty acid, according to pre- 
vious experience the soap should contain 507% of fatty acid when finished and 
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separated with electrolytes. With 2500 kg. of curd in the kettle, this would 
correspond to (2500 x 56) /100 = 1400 kg. of fatty acid. To dilute to a soap 
solution with 50% of fatty acid, add 300 kg. of water as 100 x 1400/50 = 
2800, and 2800 — 2500 = 300. The manometric gage could be used in such 
cases with great convenience. 

In this connection, it should be understood that mottled soaps are some- 
times made by mechanical means from full-boiled soaps. This is particu- 
larly true in America, where the production of mottled or Eschweger soap is 
very limited and would not warrant a change in the normal boiling procedure. 
One method used is to run the soap from two crutchers together into one 
frame. The soap in one of the crutchers is colored, so that a mottled effect is 
obtained by the mixing. 


(2) Homogeneous Unsettled Soaps 


These soaps remain homogeneous after the fat charge has been saponified, 
and are discharged from the kettle in this state directly as a finished product. 
No salting-out whatsoever takes place from the beginning to the end. 

This should not mean that no electrolytes at all are used in this process. 
They are used, but only to a certain extent and in quantities insufficient to 
cause salting-out of the soap. 

For the manufacture of these soaps, oils and fais are used mainly with 
high lye limit concentration, the soaps of which are not easily salted-out from 
their solutions. Such soaps are able to withstand very high electrolyte con- 
centration, and their saponification can therefore be carried out easily, with- 
out any danger of disturbing the homogencity of the soap solution. It is even 
possible to incorporate appreciable quantities of electrolyte solution in such 
soap solution, thus increasing the yield of the soap (see filling of soaps, Sect. 
5). But even when no such intention exists, it must be borne in mind 
that the only oils and fats that may be successfully treated and saponified by 
concentrated caustic lyes belong to the class of the coconut oil types with 
high saponification numbers. 

Oils and fats with low saponification values (tallow, peanut oil, and the 
like) cannot be saponified with concentrated lyes by the boiling process when 
not followed by salting-out and settling. Since the soaps of such oils are 
promptly salted-out in the heat, the reaction would not proceed at all. On the 
other hand, in order to saponify such oils it would be necessary to use lyes 
diluted to such an extent that, as a result, after solidification no solid soap, 
but a congealed mass only, would be obtained. It is therefore impossible to 
produce hard unsettled soaps from this sort of charge by the boiling process. 

Mixtures of coconut oil and oils with low saponification value are, how- 
ever, quite suitable for the manufacture of such soaps, and it is even possible 
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to introduce considerable amounts of electrolyte solution into the soaps with- 
out running any risk of its separating into phases. For the production of 
highly fitted soaps it is necessary to leave the electrolyte-susceptible fats out 
of the fat charge altogether. Soaps intended to be fitted to yield over 500% 
must be produced exclusively from coconut oil, since palra kernel oil soap 
has a far smaller capacity for taking up electrolytes than does coconut oil 
soap. When these soaps are produced from neutral oils, the product con- 
tains the whole amount of glycerine originally present in the fat charge. 

When fatty acids are used in the fat charge, the problem of glycerine does 
not occur at all. They are also cheaper than neutral oils, since 95 parts of 
fatty acids would yield the same amount of soap as 100 parts of neutral oil, 
the glycerine residue amounting to about 5% in the neutrai oil. Saponifica- 
tion can be achieved in this case with the cheaper sodium carbonate, instead 
of with the more expensive caustic soda. The presence of glycerine, its value 
as an ingredient in soap, and the advantages and disadvantages connected 
with this, have been discussed extensively. Glycerine is a plasticizer in soap 
and an emollient as a cosmetic ingredient. Soap when containing glycerine 
is able to withstand higher electrolyte concentrations than without it. Merk- 
Jen found the L.L.C. of olein soap to be 10.25° Bé, but when the same soap 
contained glycerine the L.L.C. rose to 17° Bé. On the other hand, glycerine 
does make soap sensitive to atmospheric condition, and renders it hygroscopic. 

There are a great variety of unsettled soaps all produced by some kind 
of saponification process and resulting directly, without any intermediate 
separating process, in a hard soap product. Let us consider here only three 
examples (see also Part D). 

(a) Shaving soap. The fat charge contains stearic acid, coconut oil, and 
some other oil. The necessary amount of caustic potash and soda is charged 
in the kettle. Then coconut oil is added and partly saponified by heating and 
agitating. It is true that in most cases this is done with indirect steam, but 
there are factories where this first stage is carried out with the boiling process. 
In the second stage the stearic acid is saponified with the remaining alkali 
and the resulting hard product is treated as toilet soap. 

(b) Salt-water soaps. The kettle is filled with the calculated quantities 
of 25-30° Bé caustic, and coconut oil is gradually added and saponified with 
open steam. Saponification takes place very quickly. The pure soap may be 
poured into forms as such, but generally it is filled with electrolyte. In fact, 
it would not be worth while to produce such soaps by the boiling process, as 
they can be produced with the cold process as well. It is mainly because of 
the filling of the soap and for the process of running that the soap mass is 
kept sufficiently hot, and it is for this purpose that the boiled process is used 
(see filling of soap, Sections 3 and 5 following). 

(c) Soaps produced by the carbonate saponification process. Any fat 


384. C. PRACTICAL SOAP-BOILING PROCESSES 


charge containing only fatty acid can be saponified and finished as a boiled, 
but unsettled soap. Whenever pure fatty acids are saponified, they may be 
just saponified by boiling through quickly with sodium carbonate, getting rid 
of the free carbon dioxide, and finishing by merely pouring the homogeneous 
soap solution into frames or cooling presses. This is probably the most 
modern development in soap manufacturing. Fatty acids can be produced 
in such pure form and to such selected standards that they can be used with- 
out any difficulty in the cheap and easy process as outlined here. 


(3) The Manufacture of Soft Soaps 


Soft soaps are mainly produced by the full-boiled process, }ut without 
any graining, once saponification has been completed. 

The raw materials are liquid oils and mainly caustic potash. There are 
certain kinds of soft soaps which also contain some tallow, and in the pro- 
duction of others some caustic soda is used. Soft soaps, as a general rule, 
contain far more water than neat or curd soaps. They also contain certain 
electrolytes, mainly potassium carbonate and potassium chloride. An ex- 
ample of a soft soap which does not contain such additions is the U. S. P. soft 
soap for medical purposes, also called Sapo Kalinus. 

Electrolyte additions are made during saponification by mixing the 
caustic potash with ihe necessary amount of carbonates. The soapmaker 
calls such mixed lyes reduced lyes. It is also customary to define the caustic- 
ity ratio of lyes and to call a lye containing only a small relative amount of 
potassium carbonate a “strongly caustic lye,” whereas when large quantities 
of carbonate are present, the lye is called “weakly caustic.” 

The pure potassium salt of the fatty acid would consist of a viscous, not 
completely transparent, mass. The proper commercial product is obtained 
only after the potassium carbonate solution has been added to the soft soap, 
as required. It should be transparent and present a soft, but not a tough 
gelatinized mass. Small amounts of added electrolytes reduce the viscosity 
of the solution. Increased amounts, of course, ultimately salt-out the pure 
soap from its solution. 

Soft soaps are much more soluble in water than soda soaps. The in- 
creased solubility results from the use of caustic potash as saponifying agent. 
and the fact that these soaps always contain liquid fatty acids of unsaturated 
oils. 

In Central Europe, this class of soft potash soaps was considered as one 
of the most important group of soap products, and huge quantities have been 
sold directly for household purposes. Such soaps were put to every possible 
use in the home: the poorer population used it for their house laundering, 
for washing dishes, and floors. Soft soaps were sold in very large quantities 
to factories for all kinds of industrial purposes and to ships for scrubbing the 
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decks, as well as for agricultural, horticultural, medicinal, and veterinary 
purposes. 

In these European countries, the manufacture of soft soaps has developed 
to a degree of specialization which, as far as we know, has not yet been sur- 
passed in any other part of the world. It is therefore, in our opinion, of 
value to describe the manufacture of this class of soap in some detail closely 
following European lines of production. 

The following three main groups of soft soaps were manufactured in 
Europe: (1) smooth soft soaps, (2) soft soaps with grain (or “fig.” 
tion E. following), (3) white soft soaps or silver soaps. 


see Sec- 


(A) SmootH Sorr Soars 


For the manufacture of soft soaps, caustic potash of 50° Bé is generally 
used. The amounts necessary for the saponification of 100 kg. of oil can be 
obtained from Tables XII-4 and 6 by multiplying the saponification values 
given by the factor 0.196. The saponification value itself may be taken as 
the amount of pure KOH (in kg.) needed to saponify 1000 kg. of fat or oil. 

However, it is possible that certain grades of commercial potassium 
hydroxide contain greater or smaller amounts of impurities than are cus- 
tomary and, in these cases, it becomes necessary to calculate the proper 
amount of commercial product from the practically required amount. Table 
XII-6 contains the corresponding data for the saponification of fatty acids. 
The figures given for KOH should be multiplied by the factor 1.96 to give 
the amount of KOH 50° Be. 

The “reduction” of the caustic potash lye with potassium carbonate or 
other electrolytes should be made with due consideration to the temperature 
of the season. An electrolyte addition makes the soap softer and, at the same 
time, the temperature sensitivity of the soap becomes greater. It is therefore 
obvious that less “reduction” should be made in the summer and more in 
the winter. The question of consistency is one of the biggest problems with 
these soft soaps, especially in connection with the variation of the seasonal 
temperatures. Consistency should remain uniform throughout all seasons. 
To satisfy this requirement, it is necessary, in summer, to replace some 
caustic potash by caustic soda. Soft soap remains smooth in summer, even 
when the fat charge contains more saturated fats, like tallow or any other 
fats containing saturated acids. Soft soaps produced of such fat charge 
might become too hard in winter, or produce hard, crystalline granules (fig) 
and, in such cases, lose their transparency. 

(a) Lyes and Their Reduction. The following are some samples for lyes 
reduced to various degrees, in order to be suitable for the different seasons 
of the year. (a) Winter: to 100 kg. of caustic potash 50° Bé add 3 kg. of 
calcined soda ash and 14 kg. of potassium carbonate or potassium chloride. 
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(b) Summer: to 100 kg. of caustic potash 50° Bé add 10 kg. of calcined soda 
ash and 12 kg. of potassium carbonate or potassium chloride. (c) Winter: 
to 100 kg. of caustic potash 50° Bé add 5 kg. of calcined soda and 10 kg. 
of potassium chloride. (d) Summer: to 100 kg. of caustic potash 50° Bé add 
10 ke. of calcined soda ash and 3 kg. of potassium chloride. 

The reduced lye is brought to the required strength by addition of water. 
When boiling is carried out with closed steam coils, the lye employed should 
be 35° Bé. When boiling with direct fire, which now is rarely done, the lye 
should not be more concentrated than 20-25° Bé. When boiling with open 
steam, the water added to the pan by condensation should be taken into con- 
sideration. 

Some soapmakers do not prepare the reduced lye before the boil starts, 
but prefer to put the necessary amount of electrolytes separately into the 
kettle. In such cases the necessary amount of electrolyte is taken in relation 
to the amount of fat charge saponified. An example of this follows. 

100 kg. of fat charge requires 7-10 kg. of potassium carbonate or 4—5 keg. 
of potassium chloride; the electrolytes are added in form of a 30° Bé solution. 

Some good arguments may be brought forward in favor of this method, 
as in this case there is no need for preparing the mixture of electrolyte and 
caustic lye in a special container. The addition of the electrolyte solution 
should not be started before a certain part of the caustic potash has already 
been consumed by the fat charge. Only after at least one-third of the fat 
charge has been saponified in the kettle should the electrolyte solution be 
added and then gradually in between small portions of the caustic potash. 

It is important to consider the difference between the properties of soft 
soaps produced with potassium carbonate and those produced by potassium 
chloride. Indeed, there are cases in which it is not advisable to use potassium 
chloride at all. 

Potassium carbonate is hygroscopic; the chloride is not. The carbonate 
consequently serves not only as a consistency regulator, but also as a humec- 
tant, like glycerine in cosmetic preparations. It is therefore more advisable 
to use potassium carbonate in a dry climate where there is a danger of the 
soft soap drying out. In a damp climate, potassium chloride may safely 
be used. 

There is another danger connected with the drying out of soaps condi- 
tioned by potassium chloride. As a consequence of drying out, the soap be- 
comes concentrated with respect to potassium chloride and this may go as far 
as to induce some graining whereby a small quantity of lye separates. It is 
important to note in this connection that the relative graining efficiency of 
potassium chloride is higher than that of potassium carbonate. Such condi- 
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tions may sometimes be observed with soft soaps in their containers when 
the soap, instead of sticking to the walls of the container, shows a tendency 
to slide. 

The following oils can be used in fat charges for smooth soft soaps: lin- 
seed, soybean, and fish oils in winter; in the summer season, these oils, or 
their fatty acids, may be replaced by oils and fats containing higher propor- 
tions of stearic acid, like sunflower, peanut, cottonseed, and other oils. Rosin 
and tall oil may be used both in the summer and in the winter. 

In the following section some fat charges are proposed which would pro- 
duce the required consistency and appearance when saponified with the 
proper amount and kind of lye. The lye suggested for this purpose may be 
prepared in the following way: to 100 kg. of caustic potash of 50° Be, 15 kg. 
of potassium carbonate is added and the mixture diluted with water to a 
concentration of 25° Be. 


Fat CHARGES 


For autumn and spring: 


(1) 400 kg. linseed oil 
70 kg. water (approx.) 
400 kg. caustic potash 25° Bé reduced 
95 kg. caustic soda 25° Bé (approx.) 
(3) 180 kg. linseed oil 
180 kg. peanut oil 
40 kg. rosin 
70 kg. water (approx.) 
400 kg. KOH 25° Bé red. 
85 kg, NaOH 25° Bé (approx.) 


For summer: 


(1) 400 kg. linseed oil 

70 kg. water (approx.) 

350 kg. KOH 25° Bé red. 

135 kg. NaOH 25° Bé (approx.) 
(3) 120 kg. linseed oil 

260 kg. peanut or cotton oil 

60 kg. rosin 

70 kg. water (approx.) 

380 kg. KOH 25° Bé red. 

125 kg. NaOH 25° Be (approx.) 


For winter: 


(1) 426 kg. linseed oil 


63 ke. water (approx.) 
468 kg. KOH 25° Be red. 


46 keg. NaOH 25° Bé (approx.) 


(2) 400 kg. soybean oil 
70 kg. water (approx.) 
405 kg. KOH 25° Be red. 
90 kg. NaOH 25° Bé (approx.) 
(4) 150 kg. soybean oil 
150 kg. sesame oil 
50 kg. linseed oil 
50 kg. rosin 
70 kg. water (approx.) 
400 kg. KOH 25° Bé red. 
85 kg. NaOH 25° Bé (approx.) 


(2) 425 kg. soybean oil 
70 kg. water (approx.) 
385 kg. KOH 25° Bé red. 
125 kg. NaOH 25° Bé (approx.) 
(4) 385 kg. soybean, 
oils 
60 kg. rosin 
70 kg. water (approx.) 
385 kg. KOH 25° Bé red. 
120 kg. NaOH 25° Bé (approx.) 


maize or sunflower 


(2) 426 kg. soybean or maize oil 
80 kg. water (approx.) 
510 kg. KOH 25° Bé red. 
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(3) 390 kg. soybean or maize oil (4) 155 kg. soybean or maize oil 
45 kg. rosin 110 kg. sesame oil 
70 kg, water (approx.) 115 kg. linseed oil 
475 kg. KOH 25° Bé red. 50 kg. rosin 
30 kg. NaOH 25° Bé (approx.) 80 kg. water (approx.) 


460 kg. KOH 25° Bé red. 
45 kg. NaOH 25° Bé (approx.) 


This schedule of fat charges should serve as a guide only in the selection 
and composition of stock for smooth soft soaps. Above all, the quantities 
of water mentioned should be regarded only as approximate, as it may 
easily happen sometimes that a deficiency, or probably an excess, of water is 
created in the pan by excessive evaporation or condensation. It may also 
happen that the amount of lye in the prescription will be excessive, which 
would be the case if the fats actually used contained larger proportions of un- 
saponifiable matter or even nonfatty impurities, water, etc. 

The oils recommended in the recipes can partly or totally be replaced by 
the corresponding fatty acids (of linseed oil, soybean oil, peanut oil and 
others). Fatty acids always require somewhat greater amounts of caustic 
alkali than neutral oils. They may also be replaced by tall oil (see Chapter 
XVI). However, too high a percentage of tall oil (above 35%) tends to give 
soaps which leave a somewhat tacky feeling on the skin. This seems to be 
caused by the unsaponifiable fatty matter (about 8-10%) present in most 
commercial grades of tall oil. One should not forget, however, that the 
commercially available fatty acids may contain only about 90-95% free fatty 
acid, the remaining part being neutral oil, depending on origin. Distilled 
acids are free of neutral oil. When produced simply by splitting of soap- 
stocks (a by-product of vegetable oil refineries) by an inorganic acid, they are 
composed of about 60% free acids and 40% neutral oil. 

(c) Manufacturing Process. The whole of the fat charge is brought into 
the kettle, some water is added, and boiling is started with direct steam. It 
is advisable to withhold a small part of the fat charge for later adjustments, 
especially for corrections of the boil, if this proves necessary after saponifica- 
tion. With too large a water or caustic alkali content in the pan, addition 
of some fat or fat and lye may solve the problem. 

The caustic lye is added in small portions only. As a principle, lye addi- 
tion is continued only when the previous portions are already spent. The 
same considerations apply here as for the saponification of any other kind of 
soap; the mass must be kept homogeneous and the soap solution never al- 
lowed to separate into an open condition. This should be frequently checked 
by the trowel test. 

When the charge contains larger quantities of free fatty acids, care must 
be taken to bring, at the very beginning of the boil, such amounts of lye into 
the kettle as would be able to prevent the mass from bunching. If this should 
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happen in spite of all precautions, a large portion of lye must be added to 
the mass at once. 

When working with a fat charge composed entirely of fatty acids, it is 
considered a safer practice to run into the kettle first the total amount of 
caustic lye required and to charge the fats afterward. Such a plan prevents 
bunching, since the presence of excess alkali is fully guaranteed during the 
whole period of saponification. Mentioning saponification of the fatty acids, 
one may think that in the manufacture of soft soaps the use of carbonates in- 
stead of caustics would also be considered to be more expedient, as explained 
for the manufacture of solid soap from fatty acids. However, this is not so, 
as the main reason for the use of sodium carbonate instead of caustic soda 
was due to its comparative low cost. Potassium carbonate, however, is not 
cheaper than caustic potash. 

In the event that neutral oils have been used, an emulsion is formed at the 
beginning which gradually becomes more and more viscous in the course of 
the process. The proper condition can be verified, since the soap mass rolls 
down as a homogeneous mass when tested on the heated trowel. Any sepa- 
ration of the soap mass, when detected by the trowel test, should he corrected 
by addition of a small amount of water or by boiling with open steam and 
continuing until a sufficient amount of water condenses to dilute the salt 
concentration. 

When caustic soda is used with the caustic potash, it is generally not 
added at the beginning of the saponification process, but only after the mass 
becomes sufficiently viscous. 

After the larger part of the lye has been used up in the course of the sa- 
ponification process, the mass becomes transparent. At this stage a small 
sample of the mass is taken from the kettle and tried for soiubility in distilled 
water. When a sample of the soap is not clearly soluble in distilled water, the 
presence of considerable amounts of unsaponified fat is indicated. Boiling 
must be continued with a fresh portion of lye until the test becomes satis- 
factory. 

After saponification has been completed and no unsaponified fat is pres- 
ent, sufficient lye must be added to the mass to contain 0.3 to 0.6% of caustic 
potash. After the strengthening of the mass with sufficient free alkali is 
satisfactorily completed, other corrections, if necessary, may be carried out. 

(d) The Glass Test. Samples are now taken from the boiling mass and 
heaped in small portions of about 2 inch diameter each on a glass plate, and 
their consistency observed after a short time. 

(1) Water Content. The consistency should become salvelike rather 
than rubberlike. the latter condition disclosing excess water: the remedy in 
such cas2s is to put some oil, or more suitable fatty acids, from the reserve 
portion into the kettle and to saponify it with alkali which is added to the 
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kettle before the additional oils or fatty acids. It is possible to evaporate 
the excess water with indirect steam or open flame, but in most modern plants 
boiling is carried out only with open steam. After the amount of soap in the 
pan is increased by the addition of soap, the glass test should be satisfactory. 

(2) Free Alkali Content. A smooth soft soap must contain a certain 
minimum amount of free alkali; this need becomes apparent when one ob- 
serves a soap which is accidentally turned out as a completely neutral product. 
A sample of the soap is quite transparent at the beginning when heaped 
on a glass plate. But after a very short while the clear surface begins to dis- 
play a slight glimmer in the shape of characteristic designs called the flower 
by the Continental soapmaker. However, the sample remains quite clear 
in the deeper layers and a turbid ring called the lye ring is observed only at 
the edges. A neutral soap displays the flower and the lye ring only to a very 
slight degree. Both designs appear stronger at the surface and on the edges 
if more free alkali is present. Both phenomena may be explained by the 
graining activity of the free alkali. Water evaporates at the surface and on 
the edges of the sample; the increased concentration of the free alkali permits 
graining at the surface, and in this way produces the designs. 

The flower and ring constitute a good test for the proper water content of 
the soap as well, With insufficient water in the soap the design appears more 
quickly. Too much free alkali can be detected on the glass plate when the 
solidified drop of soap does not stick, but slides on the surface when pushed 
with a finger. 

(3) Unsaponified Oil. When present, unsaponified oil causes the interior 
of the soap to become turbid. The detection of the presence of unsaponified 
oil by dissolving a sample in distilled water was mentioned earlier. 

(4) Electrolyte Content. A sample of a soap containing too much potas- 
sium carbonate or other electrolytes remains too soft, even after cooling. On 
the other hand, a soap containing less electrolytes than necessary solidifies 
too quickly and becomes far too hard. The soapmaker used to call such soft 
soaps caustic soaps; this really means that such soft soaps were produced 
with caustic solutions insufficiently reduced by the addition of salts. It is 
comparatively easy to correct the “caustic” condition by adding some elec- 
trolyte to the soap, but it is far more difficult to amend soft soap suffering 
from excess electrolyte. The only remedy in such cases is to add some oil 
from the reserve and to saponify this portion on top of the charge, thereby 
diluting the electrolyte content of the soap. 

The soap is now to be considered ready. After it has cooled to 65°C., the 
kettle contents can be emptied into suitable containers, such as barrels, drums, 
tank wagons. Basement rooms are most suitable for the storage of soft soaps. 
The temperature of the store rooms should be as low as possible, but prefer- 


ably between 12 and 15°C, 
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The product, a pure soft soap containing a few per cent of electrolyte, 
is called a soft soap base. At this stage the product contains about 42% of 
fatty acids and the yield corresponds to a value of 226.2%. 

In per cent, the soap yield presents the relation between the fat charge expressed as 
neutral oil and the mass of soap manufactured from it. In the present case, 42 parts of 
fatty acid is equivalent to 44.2% neutral oil. The soap yield is therefore (100 x 100) /42 = 
226.2%. This means that from 100 parts of neutral oil 226.2 parts of soft soap were 
manufactured, 


Generally, soft soap is not marketed with this comparatively high fatty 
acid content; it is further diluted to some extent by the addition of a small 
amount of electrolyte solution. The procedure of dilution is called fitting, 
but it must not be confused with the term used for the operation of separating 
a homogeneous soap solution into neat soap and niger. It is customary to 
dilute the soft soap base until it contains only 38% of fatty acids, correspond- 
ing to a soap yield of 250%. In accordance with most of the official specifi- 
cations, a soft soap containing 38% of fatty acid is regarded genuine and 
pure. 

The “fitting” operation consists of mixing into the soft soap base, at a 
temperature of 65°C., the analytically determined and calculated amount of 
liquid in the form of either a 12° Bé potassium carbonate or a 14° Be potas- 
sium chloride solution. After this operation is finished, a final glass test and 
a quantitative test for free alkali content are made. 

It would really be an easy thing to boil a batch of soft soap if the soap- 
maker could control, at any stage of the procedure, the exact quantities in- 
volved in the process. This idea is sufficiently emphasized in the description 
of the graining and fitting processes given in Chapter XVII. We also exten- 
sively quoted the method proposed by Wigner who first suggested the use of 
the manometric gage for weighing masses in the soap kettle. 

It is historically interesting that as long ago as 1928 Krings’® proposed 
the use of a specially constructed pan mounted on a balance for the 
boiling of soft soaps, The weighing could be carried out during the boil at 
any time. The weights could even be recorded continuously by a suitable in- 
dicating device, and the soapmaker would thereby be in a position to have 
the quantitative development of the boil literally before his eyes. The soap- 
maker could, at any moment, calculate the yield reached by the addition of 
fat, lye, electrolyte, water, and condensed water. He could also control the 
rate of evaporation by this means. Krings claimed that with such a plant the 
operator would be able to produce much larger quantities of soap of more 
uniform quality than when working with the ordinary equipment. 

It is quite possible to produce soft soaps by the cold process (see Section 
4 following). In the case of cold-made soft soap it is best to mix the fat 
charge with the calculated amount of 38° Bé KOH in the kettle. In this case 
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the pan should not be larger than 1-2 cubic meters and should be steam 
jacketed or fitted with a coil for indirect steam heating and have a stirring 
mechanism. After thickening, the kettle is covered and left standing over- 
night. The next morning, the fat charge having been saponified (as tested by 
the solubility in distilled water), the soap is heated by indirect steam, the 
necessary amount of water and electrolyte is added and the soap is adjusted 
to the desired fatty acid and free alkali content, etc. The use of 0.5-0.7% 
(calculated on the fat charge) of a saponification catalyst (such as cresol or 
oil of origanum) helps bring about the thickening of the soap in a very short 
time and accelerates the saponification process after thickening, so that often 
after only 4-6 hours the fat charge is completely saponified.’ 


(B) Sort Soars From Farry Acips 


It is also possible to use fatty acids as the fat charge. In this case it is 
suitable to saponify the fatty acids by a kind of modified semiboiled process. 
The calculated amount of saponification lye is first run into the pan and di- 
luted to a strength of about 16° Bé. The diluted lye solution is heated to 
about 70°C. and the melted fatty acid mixture (also heated to about 70°C.) 
is run into the warm lye solution, which is agitated during the process with a 
stirring mechanism. After complete saponification the soap is adjusted as 
usual to the desired fatty acid content, free alkali, etc. 

Some special methods are used to produce soft soaps from fatty acids. 
The following process is the most convenient in nearly every respect. (See 
Chapter XV, 5 on fatty acids.) Saponification is very rapid and may be car- 
ried on the semiboiled system. The saponification lye and all additions of 
electrolyte are run into the pan together with the calculated amount of water. 
The amount of water must be adjusted at the end of the saponification process 
as already described. The lye solution is either heated to about 80°C. and 
the melted fatty acid stock heated to 70-80°C. run into the pan, and the pro- 
cedure carried forward as described in section on semiboiled soaps, or the 
pan content is kept at the boil and the melted fatty acids (50—-60°C.) run 
slowly but continuously into the pan under boiling conditions. In this case 
there is no agitator in the kettle. Since fatty acid saponification is strongly 
exothermic, the fatty acids must be added‘slowly to keep the process in check. 
The last one-fifth of the fatty acids is added especially slowly to ensure com- 
plete saponification. It is important that a surplus of alkali is always present 
to avoid the formation of acid soap. The final adjustment of free alkali, etc., 
is made as already described. In case a mixed stock of fatty acids and neu- 
tral fat or soapstock fatty acids containing less than 75% free fatty acids 
is used, the process is modified slightly by adding fatty acid—fat mixture in 
portions. Samples are withdrawn from time to time to assure that every 


17 For unpublished results of experiments carried out by the authors, see Chap. II, 8. 
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portion of added fat mixture is completely saponified, as indicated by the 
absence of turbidity when a small sample is dissolved in hot distilled water. 

The following working formula is an example of soft soaps prepared from 
fatty acids containing some electrolyte: 


100 parts fatty acids 
80 parts 30° Bé KOH diluted with 20-25 parts water 
6.25-8.25 parts K-CO. dissolved in 22-23 parts water 

The resulting soap has a fatty acid content of about 45% if no water evap- 
orates (if boiled on open flame or indirect steam) or condensate water forms 
(if boiled over open steam). In the latter case, 10-12 parts water are sub- 
tracted from the water in the formula to take into consideration formation 
of condensate. 

When neutral fat replaces the fatty acids in the formula, 5% extra should 
be added since the fatty acid content of such material is approximately 95% 
due to the glyceride structure. For coconut oil the ratio is slightly higher. 

There are now fatty acids on the market with very sharply defined chemi- 
cal specifications (see Chapter XV). These fatty acids are especially suitable 
for the production of soft soaps. All that has been pointed out about the ad- 
vantages of the use of fatty acids (Ch. XV, 4) instead of neutral fats holds 
good for soft soaps as well. But some disadvantages of fatty acids for soft 
soap manufacture should not be overlooked. The glycerine present in soft 
soaps from neutral fats acts as a humectant, thus retarding evaporation of 
water. Fatty acids, especially unsaturated fatty acids, are also very reactive, 
discoloring badly if not stored in proper containers and turning rancid with 
exposure to air. If such spoiled or discolored fatty acids are used, only low- 
grade soaps may be expected, since little can be done to improve such prod- 
ucts after saponification. As previously pointed out, tall oil has recently been 
used to replace more expensive fatty acids and oils. Tall oil should be con- 
sidered as fatty acid and saponification carried out accordingly. 


(C) BLeacHine oF SoFtT Soaps 


Bleaching of the soft soap is most conveniently carried out when adjusting 
the soap to the desired fatty acid content. The best agent is a chlorinated 
bleaching liquor (potash bleach or a potash-soda mixed bleach, see Chap. 
X,1,B). This operation is preferably carried out at 40—50°C. to obtain the 
most powerful action. It is advantageous to treat the product with the 
bleaching agent in an enameled kettle, or other lined vessel resistant to free 
Cl,. The bleaching action arises from the active chlorine (present in the hypo- 
chlorite liquor) which, in its nascent form, has a very energetic bleaching 
effect upon soap. The temperature of the soap should be low, but should in 
no case exceed 60°C. Low temperatures permit more complete utilization of 


the bleaching power of the liquor. Each 1000 kg. of soap needs 6 to 25 kg. 


oe 
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of 25° potassium hypochlorite lye, which is diluted to 12° Bé. The available 
chlorine in this dilute bleaching lye should be about 6-7%. The bleaching 
liquor is slowly added to the soap with constant stirring. Stirring is then 
continued for another fifteen minutes or so, after which the mass is allowed 
to stand for about half an hour. 

After the bleaching process, the free alkali is again determined. When 
bleaching with alkaline lyes the soap should not be made too alkaline. In 
fact, any additional lye should be introduced after or during the bleaching 
process. 


TABLE XIX-4 


DETAILED REQUIREMENTS FOR AUTOMOBILE Soap (PS-598) 


Detailed requirements Min. Max. 
Moisture (toluene distillation method), % — en ts 
Total matter insol. in alcohol, % — =. 1.0 
Free alkali, calc. as KOH, % —..... : = 0.1 
Free acid, calc. as oleic acid, % —___ = —— 0.2 
Alkaline salts, cale. as Ke-CO2, % : FS 0.2 
Matter insol. in distilled water, % — ge = 0.2 
@hloridescalesas KGlL oye ee of Ee : “ , oo 0.5 
Unsaponified and unsaponifiable matter, % —. — 1.0 
Anhydrous soap, calc. as potash soap, % — ae ee a _ 
Total sodium compounds, calc. as NasO, % —.__- — 0.5 
Clycerol (og ee wees ee 0.8 
Iodine number (Wijs) of mixed fatty acids derived from the soap a 
Acid number of mixed fatty acids derived from the soap - £ 205 
LG a Bee, ee EE ee ee None 
Sugarman. aS ed ee. None 


®¢ Other bleaching agents are seldom used for soft soaps. Sodium hyposul- 
fite, a reducing agent used by some manufacturers, has the advantage that 
it may be used without waiting for the soap to cool. It is simply added in a 
concentrated solution or even as fine powder to the ready boiled soap. About 
0.25-0.5% of sodium hyposulfite should be sufficient. 


(D) SPECIFICATIONS FOR SOFT SOAPS 


It is of importance to note that the U. S. Federal Specification Board 
gives a specification for Potash linseed oil soap, liquid or paste, for floor and 
general cleaning (PS-603), which practically excludes the use of such elec- 
trolytes as K,CO;, KCl, etc. 

Specification PS-598 for liquid or paste soap for automobile, floor, and 
general cleaning contains the detailed requirements shown in Table XIX-5. 

As a matter of fact, consistency requirements are not so severe and such 
soaps are not difficult to produce. With the prescribed minimum content of 
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anhydrous soap these products are practically all in the form of a paste or at 
least a very viscous liquid soap. 

A much less strict definition for Soft soap is proposed by the National 
Association of Insecticide and Disinfectant Manufacturers in the United 
States as follows: “Soft soap is the product derived from the action of a solu- 
tion of potassium hydroxide with or without sodium hydroxide and potassium 
silicate on fats, oil, or resins, or any mixture of same. It shall contain not 
less than forty parts per centum of fatty and resin acids, of which not more 
than one-third may be resin acid. It shall contain not more than three parts 
per centum of silicates, calculated as sodium silicate (Na.O~ 3Si0.).” 

Here, even filling with silicates is permitted. 


TABLE XIX-5 


DETAILED REQUIREMENTS FOR AUTOMOBILE Soap (PS-598) 


Detailed requirements Min, Max. 
Moisture (toluene distillation method), Yo — 2. oe. eee oe ee — 60 
Total matter insol. in alcohol, % —..... ... ae Le ee 1.0 
Free alkali, calc. as KOH, % (Sell. a emis B= 0.1 
Free acid, calc, as oleic acid, % eee oa 0.2 
Milkerubiosy cells, elle, GE IACI, G6 ee ee — 0.2 
Matter insol. in distilled water, % Ae ee er ae 4 — 0.2 
Chloride, calc. as KCl, % oan: — 0.5 
Anhydrous soap, calc. as potash soap, i. 2 we SS 4 40 
Total sodium compounds, calc. as NavO, % —-.--------—--— Se — 0.5 
Glycerol (% of anhydrous potash soap) ————-—2.-—---eee nena ee — 0.8 
Jodine number (Wijs) of mixed fatty acids ienten om the soap 100 - 
Rosin, % = oe : oo 6 


Sugar 


(The specification of the U. 5. Pharmacopeia for soft soap is dealt 
with in Chapter XXII on medicated soaps.) 

British Specifications are set forth in Government Department Specifi- 
cations for General Stores, published by H. M. Stationery Office, 1929 (re- 
printed 1945). The specifications for grade I (resin free) and grade II soft 


soaps are as follows: 


1, The soap shall be free from objectionable odors, and shail not develop such 
odors during storage within twelve months of delivery. Any fish or marine animal oil 
used in manufacture shall be deodorized. Scenting material shall not be used. 

2. The soap shall not become liquid at a temperature of 90°F. and no liquid shall 
separate from them when cooled to a temperature of 32°F. for 24 hours. 

3. The grade I soap shall be made from seed oils and potash; shall be free from 
resin; and shall yield not less than 38% olf fatty acids. 

4. The grade II soap shall yield not less than 40% of mixed fatty and resin acids. 
The resin acids shall not exceed 25% of the total fatty and resin acids, 
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5. In soap of either grade the total impurities shall not exceed 4%, and the free 
alkali, caustic, and carbonate (calculated as KO) shall not exceed 3%, of which the 
free caustic (calculated as K2O) shall not exceed 0.75% on the soap, 


(E) “Fre” Soaps 


As already pointed out, figged and silver soaps are losing their popular- 
ity and we will therefore deal with these types of soft soaps in a more sum- 
mary manner. 

Fig soaps are those soft soaps which gradually develop what appear to 
be starlike crystals from the sides to the center of the soap, a change which is 
termed figging, and which has been generally attributed to crystallization of 
solid soaps of the harder fatty acids from out of the colloidal mass of the 
soap. This crystallization is possible only if no sodium salts are present in 
the lyes used; otherwise silver soaps will result with approximately the samc 
fatstock (see Part F). The choice of a correct fatstock is the primary con- 
dition for the preparation of a good fig soap. If darker oils and fats arc 
used, a fig soap results’ in which the figging is embedded in a light to dark 
yellow transparent mass; if very light oils are used the soap appears very 
light colored or even colorless, usually with a very faint greenish gray tint. 
For the darker type, crude palm oil is a valuable raw material. 

Examples of fatstock compositions are: 


For summer: 


(a) 49% tallow (b) 35% tallow 
1% palm oil 3% palm oil 


17% cottonseed oil, refined 
33% soybean oil, refined 
(c) 36% tallow 
2% palm oil 
17% lard 


15% cottonseed oil, refined 
30% soybean oil, refined 


For winter: 
33% tallow 
3% palm oil 
16% cottonseed oil 
48% soybean oil, refined 
(c) 28% tallow 
2% palm oil 
15% lard 


55% soybcan oil 


(a 


a 


22% horse fat 
40% linseed oil 
(d) 46% tallow 
4% palm oil 
25% soybean oil 
25% corn oil 


(6) 36% tallow 
3% palm oil 
61% soybean oil, refined 


(d) 31% tallow 
4% palm oil 
33% olein (red oil) 
32% soybean oil 


A technical grade of tallow inay be used. 


It is important that only potassium carbonate (K,CO;) be used as elec- 
trolyte. In the summer, 19 parts K,COs, and in the winter, 22 parts K,CO;, 
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are used for every 100 parts caustic potash (KOH) 50° Be. The lye is di- 
luted to about 30° Bé strength. Fig soap is boiled similarly to common soft 
soap, but is usually prepared with less free alkali. Bleaching—if any—is 
carried out as for common soft soap. The general fatty acid content is about 
38-39% or occasionally higher, with yields running 240-250% of the fat 
charge. The soap is stored in containers at 12-20°C. for 3-6 weeks to com- 
plete figging. 

According to Krings'® a good figged soap requires: (J) the caustic pot- 
ash and the electrolytes used to be free of sodium compounds; (2) free al- 
kali to be well adjusted (about 0.25-0.3% free KOH); (3) the amount of 
noncaustic electrolytes to be within the limits given above; acid content to 
be above 38%; (5) the percentage of fats containing stearic acid to be as 
high as given in the formulas above; (6) the fat charge to be completely sa- 
ponified; and (7) temperature during the crystallization period to be as 
constant as possible. 

A figged soap may also be produced by incorporating into a common 
transparent soft soap a hard soap cut into small pieces the size of the natural 
fig."° which incidentally is a good method of using hard soap scrap. 


(F) “SILVER” Soap 


Silver soaps with a mother-of-pearl sheen are based on similar fatstock 
formulas as for fig soaps. In our opinion, these soft soaps are more impor- 
tant than fig soaps. They are more easily produced and need not be stored 
for such extremely long periods of time to develop the desired mother-of-pearl 
sheen. Silver soap can be produced on a more economical basis than figged 
soaps, with inexpensive hard stock such as hardened fish oils. 

In principle, silver soaps are produced in a similar manner to common 
soft soaps. They are usually prepared with a low percentage of free alkali. 

Mixed alkalis are used (10-35 parts of a 30° Bé solution of NaOH to 100 
parts of 50° Be KOH containing 20-25 parts of K.CO;). The mixture of 
NaOH, KOH, and K.CO, is diluted to about 30° Be if open steam coil heating 
is used, or to 20-22° Bé if saponification is carried out over a direct fired pan. 

Illustrative examples of fatstock compositions follow: 


For summer: 


(a) 65% cottonseed oil, refined (b) 50% cottonseed oil. refined 
10% soybean oil 15% linseed oil 
25% tallow or hardened fish oil 28% tallow 


7% coconut oil 


18 RK. Krings, Die zeitgemdsse rativnelle Herstellung der Schmierseije, Al\gemeiner 
Industriekatalog, Berlin, 1928, pp. 66-6/. 
18 German Pat. 415,964. 
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(c) 50% cottonseed oil, refined (d) 50% cottonseed oil, refined 
45% lard 30% tallow 
5% tallow 10% palm oil, bleached 
10% lard 


(e) 50% tallow 
45% lard or bleached bone fat 


5% coconut oil 


For winter: 

(a) 65% cottonseed oil (6) 80% cottonseed oil, refined 
15% groundnut oil 20% tallow or hardened fish oil 
20% lard 

(c) 55% cottonseed oil, refined (d) 65% cottonseed oil, refined 
25% groundnut oil 25% horse fat 
12% palm kernel oil 10% tallow or hardened oil 


8% palm oil, bleached 


(e) 35% cottonseed oil, refined 
25% soybean oil 

35% tallow or hardened oil 
5% coconut oil 


Fatty acids blended to give the corresponding compositions may replace 
the neutral fats and oils. Tall oils in various stages of refinement are com- 
monly used and may replace part of the more expensive oils or fatty acids 
(see above). 


(G) Burtpinc aNnp Fititinc oF Sorr Soaps 


Building up of soft soap may be carried out with addition of sodium or 
potassium silicates, but filling with flour, starch, etc. is not advisable as it 
impairs the transparent appearance (except in the case of silver soaps, where 
this would not be a handicap). Generally speaking, the correct amount of 
electrolyte is filling enough, and special additions should be made only if they 
improve the detergency of the soap. Here, sodium silicate in percentages of 
5-10% (calculated as a 30° Bé solution) is a suitable soap builder. For fig 
soaps, potassium silicate solutions are used to avoid disturbing the figging. 

Methylcellulose or C.M.C. is used as a filler for soft soaps (see Chapter 
XI). Methylcellulose and C.M.C. have the advantage over many other or- 
ganic fillers in that they do not impair the transparency of the soap. The fol- 
lowing formula for their use is given as an example:?° 


(a) Fatty acids 4 —— : _ 1000 Ibs. 
Potassium hydroxide (50° Bé) —.. 370 Ibs. 
Sadium carhonate — oe 42 lbs. 
Syashiiny laygkeretie Bs 24 Ibs. 

(Bb) Botaseimmichloaride a (20) se) me 50 Ibs. 
Potassium carbonate (36° Bé) _ Se ee : — 25 lbs. 


20H. Bennett, Formulas for Profit, World Pub. Co., New York, 1942, p. 485. 
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(yMMethyicell wlosemsol uti orem ses eee ne eee os 500 Ibs. 
(d) Sodium hydroxide (38° Bé) - Pe ee ; 25 Ibs. 


Prepare (a) in the usual fashion, adjust to 40% fatty acids, and treat 
with bleach lye. Add (6), and to this, in alternative small portions, (c) and 
(d). The soap resulting should have 32 to 33% fatty acids. 

The methylcellulose solution is prepared as follows: 


(a) Water - ae = —— er s ae 200 Ibs. 

Gaustice WOH m(Ss8=39 ee) meses Si. tee? . 40 Ibs. 
(G)eMethylcellulosciys eer Seen ge oe ee Ai bs 
(c) Water to make ee oo Ress eee ee eee OOM bs: 


To the boiling mixture (a) add (6) with stirring. Let stand and swell 
for about 4 hour. Stir in (ce) ice cold. Let stand overnight and stir again. 

C.M.C. solution, prepared in about the same proportions as methylcellu- 
lose solution, are somewhat easier to prepare. C.M.C. may be simply dis- 
persed in cold water until, after some hours, a gel forms. The gel may then 
be heated to about 70-80°C. and left standing overnight. 


(H) Moprern DEVELOPMENTS 


Soft soaps occupy an important place in the industrial use of soaps in 
Europe and the United States. Hitherto, however, they have not made the 
same headway in tropical lands. The advantages of easily soluble and meas- 
urable soft soaps in laundry work are sufficiently marked to lead one to ex- 
pect that soft soaps would be likely to control a good proportion of the tropi- 
cal soap trade if they could be made to withstand the climatic changes and 
the great heat without altering consistency. Work has been proceeding for 
some years on the production of a soft soap for use in tropical countries. 
But still other factors enter into the problem. To acquire and retain a salve- 
like consistency, an ordinary soft soap must contain a relatively large excess 
of free alkali, which excludes its use in the laundering of fine textiles. 

Particularly significant in this field are the investigations and patents of 
F. W. Leffer. His patents are based mainly upon the saponification of fats 
under increased pressure at temperatures above 100°C. According to British 
Patent 378,913, fatty oils (soybean, linseed, groundnut) are saponified under 
those conditions with a mixed caustic lye in which the ratio of caustic potash 
to caustic soda does not exceed 90: 100. Alkali salts (sodium or potassium 
chloride, carbonate, sulfate, or their solutions) are also added in the propor- 
tion of 2 to 6%, either to the raw material, or, preferably, to the saponified 
mass. In this way a smooth salve-like consistency is acquired. 

The same inventor (Brit. Pat. 375,914) improved and supplemented the 
process in the following details: Fats or oils are heated under high pressure 
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and at a temperature of 100 to 250°C. with a mixed caustic lye in which the 
ratio of caustic potash to caustic soda does not exceed 90: 100. The lye may 
also consist in the main or exclusively of caustic soda. When saponification 
is complete, the soap is neutralized with the requisite quantity of alkali or 
fatty oil. Alkali salts may be added to the saponification mixture. 

Further modifications in the process, disclosed in German Patent 598,627 
of the same inventor, cover the following claims: (1) In a process for mak- 
ing hydrocarbon-containing soft soaps by pressure saponification at tempera- 
tures exceeding 110°C., the soaps contain not less than 2% hydrocarbon oils, 
and not more than 1% alkali salts calculated as anhydrous salt upon the total 
weight of the soap mass. (2) In a process according to claim J, when using 
0.2 to 0.8% alkali salts the soap mass receives the addition of 3.2 to 4.5% of 
a petroleum jelly-like hydrocarbon oil. An important feature is the inclusion 
of unsaponifiable mineral oils. Among the salts specified are NaCl, KCI, 
Na,CO,- 10H,0, K,CO;-2H.0, Na.SO.-10H.O, Na.SiO,;-9H,0, Na,B,O, - 
10H,0, and Na;PO,- 12H.O. They are applicable singly or in mixtures. 

The object of the salts and the petroleum jelly, etc., is to impart the right 
salve-like consistency to the neutral soap. Whereas the ordinary commercial 
soft soaps prepared without pressure rarely contain less, and usually more, 
than 0.4 to 0.6% free alkaline hydroxide, soaps can be made by the new proc- 
ess with a free alkali or free acid content of less than 0.01%. 

Regarding the ratio of mineral] oil to salts and the influence on the total 
fat percentage in the soap, the specification continues: Jn the process at least 
2%, and preferably 3.2 to 4.5% hydrocarbon oil is applied, together with a 
proportion of salt which, calculated as anhydrous salt, may be reduced to 
0.2%. The preferred salt content of a neutral, salve-like soft soap of 37 to 
39% fatty content, containing 3.5 to 4% hydrocarbon oil, is about 0.3 to 
0.8%. 

With simultaneous addition of a salt solution and of a hydrocarbon oil, 
it was found that with various soap batches the quantities of salt and hydro- 
carbon needed to impart the desired properties also varied. A change in the 
salt content of 0.1% without any change in the hydrocarbon content fre- 
quently had a perceptible and sometimes a marked effect upon the consistency, 
the congealing point, and other physical properties of the soap. In the case 
of soft soaps with a low fat content, e.g., less than 36%, it is advisable to em- 
ploy more hydrocarbon oil and less salt than in that of soaps with about 38% 
fat. But for soaps with more than 39% fat, the salt may be increased with 
advantage, while reducing or leaving unchanged the hydrocarbon oil pro- 
portion. In its essence, the German patent corresponds to the two British 
patents. 

The production of soft soaps by saponification with caustic soda lye is 
also noteworthy. This is a feature of German Patent 571,738. Here, a soda 
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soap is intimately mixed with an alkali metaphosphate, and water is run in 
to give the desired consistency during the mixing. Small amounts of other 
alkali phosphates may be incorporated at the same time. 

Soft soaps also form bases for all sorts of cleansing pastes, with the addi- 
tion of scouring agents and solvents. (These products are dealt with in Chap- 
ter XX on solvent soaps, special cleaners, etc.) 

Often, soft soaps are perfumed with such inexpensive materials as cit- 
ronella oil, nitrobenzene, and camphor oil. Coloring may be done by adding 
water-soluble yellow, reddish, or green dyestuffs. Crude palm oil within the 
fat charge imparts to the soap the natural orange color of the oil, which is 
especially desirable in common transparent soaps or darker grades of figged 
(German FElain) soaps. 


(4) Manufacture of Soaps by the Cold or Semiboiled Process 


This section deals with a method of soap production especially suited for 
smaller factories because of the small initial outlay required for the plant. 
Not only do soaps made by the cold process require a moderate size plant, 
but the operation itself is simple and speedy. This chapter describes mainly 
the practical side of the process involved.*? The theoretical aspects of this 
saponification process are described in Chapter I, 7 and 8. 


(A) Tuer Cotp Process 


The saponification process as well as the equipment is extremely simple. 
The equipment consists of a kettle in which the fats are melted. A double- 
jacketed vessel is the most suitable for this purpose, one that can be heated 
by steam, hot water, or electricity, so as to avoid local overheating of the fats. 
The lye and fats are stirred together with a good mechanical stirrer, prefer- 
ably constructed so that it can be lifted out and the kettle tilted. A fixed 
stirrer, however, is acceptable if the kettle is provided with a large bottom 
opening, out of which the thickening soap mass can be poured to the frames. 
The latter are constructed either of wood or of iron, and can be taken apart 
to facilitate removal of the solidified soap. Frequently they are portable. 
A complete setup for cold process soaps is shown in Fig. XIX-1. 

Formerly, only coconut and palm kernel oil were saponified by the cold 
process, with the inclusion at the most of a small percentage of vegetable oils, 
especially castor oil. The latter actually speeds up saponification owing to 
low sensitivity of sodium ricinoleate to electrolytes, presence of OH groups 
in the triglyceride molecule, and its viscous character. It is now recog- 


nized that not only coconut and palm kernel oils but other fats can be saponi- 
fied by the cold method. Only pure fats are used in the production of cold- 


21 J. Davidsohn and A. Davidsohn, Soap, Perfumery and Cosmetics, 11, 601-605 
(1938). 
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stirred soaps, since impurities cannot be eliminated by salting-out as in the 
case of boiled soaps. An important factor in this connection is the correct 
choice of starting temperature, which depends upon the melting point of the 
raw fats. 

The question now arises: How is it possible that the great excess of elec- 
trolyte at the start of the saponification process does not, as was formerly 
assumed, entirely suppress the saponification reaction? In saponification by 
the cold method we use concentrated lyes (generally 38° Bé caustic soda). 
Even before the commencement of saponification and pastiness the mass is 
in a thickly viscous condition. It is this thickly viscous condition that hinders 
salting-out of the resulting soap, so that the emulsifying action of the soap 
at first produced only in traces is maintained in spite of the high electrolyte 


Fig. XJX-1. Complete set-up for cold process soaps at Hanson & Edwards, Fnegland. 


concentration. Moreover, the intensive stirring treatment applied in cold- 
process saponification continually keeps any separated soap in intimate con- 
tact with the still unsaponified mass. Moreover, still other factors come into 
play: the velocity of salting-out and the speed of saponification. 

Given a low salting-out speed and a high saponification speed, a good 
saponification ensues; conversely, complete saponification is, at the very 


least, rendered doubtful. But the salting-out velocity also increases, quite 
apart from the electrolyte concentration, when the mass in which salting-out 


occurs is less viscous. This also explains why, in our own experiments using 
dilute 15° Bé caustic soda, complete saponification was not attained even 
though conducted with an excess of lye or no excess of lye. 

Nowadays, various methods are available for securing a viscous condition 
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after mixing the melted fats with lye. This condition really represents a 
state of emulsification which is always accompanied by a change in viscosity. 
There is the possibility of using powerful and efficient agitators which are 
now available. Second, we may point to the addition of catalysts (see Chap- 
ter II, 8), or the addition of soap to the lye—fat mixture. A marked increase 
in the speed of saponification may be secured by adding 0.6% soap (calcu- 
lated upon the fats), in solution form, to the fat-lye mixture. 

After thorough emulsification has taken place, the mass is run into the 
frames, where final saponification takes place with the evolution of more heat. 
The thickened or emulsified condition is best recognized if the homogeneous 
soap mass dripping from a wooden spatula onto the surface of the mass in 
the kettle remains on top for a short time so th&t a clear pattern is traced by 
the dripping sample. 

It sometimes happens that the soap mass is prematurely transferred to 
frames. This happens especially when working in cold rooms, and solidifi- 
cation of the soap mass in the kettle by the cold gives the appearance of soap 
formation. If it is found that the temperature of the mass is below the melt- 
ing point of the fat mixture being saponified, it is not transferred to the 
frames, but instead the whole kettle is warmed, preferably by slow indirect 
heating, until the contents have liquefied and the soap mass no longer solidi- 
fies. Reheating is naturally a simple matter when using a jacketed kettle 
heated by water, steam, or electricity. This is particularly convenient in the 
case of high-melting fats. 

It is essential that the actual attainment of soap formation be recognized. 
If the soapmaker cannot establish this point, he should stir a few kilograms 
of the fats with the requisite quantity of lye in a basin at the appropriate tem- 
perature (see above), and by his small-scale trial he may acquire the knack 
of recognizing when the soap has formed. Once the soap in the basin has 
reached the thickening point it is carefully wrapped in cloth and left in a 
warm place (about 40°C, or even higher in the case of higher melting fats) 
to complete saponification. Such experiments prevent large-scale failures. 

When dealing with high-melting fats it is good practice to leave the frames 
with the soap mass in a warm place for some time before letting them cool. 
Care should be taken that the spontaneous heating in the frames does not go 
too far, the temperature being tested to make certain that it does not exceed 
90 to 95°C. If this should happen, the contents are stirred or, in extreme 
cases, the outsides of the frames are cooled with water. 

It is a mistake when using coconut oil or palm kernel oil alone to permit 
too rapid a saponification which results in a gray and unattractive soap. In 
summer, therefore, or when operating in warm rooms, it is advisable not to 
raise the temperature above 32°C. before stirring in the lye. It is particu- 
larly important in the case of coconut oil that the latter should not have an 
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unduly high acid value, because such an oil will saponify rapidly and yield 
a coarse grained soap. 

Since, as already mentioned, the saponification is completed in the frame, 
no opportunity arises for correcting any defects in the frame itself. 

It is interesting to note that, in recent experiments by E. J. Better 
and A. Davidsohn (unpublished) in the laboratory of Palestine Oil Industry 
“Shemen” Ltd., Haifa, it was found that in the emulsification only 1.2-1.7% 
of the neutral fat is saponified. The method of proving this interesting fact 
is as follows. A weighed sample from the mass in the kettle is dispersed in a 
large excess of hot water. ‘To this is added a surplus of HCl and the product 
is extracted with ether as described in Chaps. XXXVII and XXXIX on ana- 
lytical methods. After evaporating the ether and weighing to constant 
weight, the fat extracted is dissolved in a neutralized mixture of 1:1 ether : 
alcohol and titrated with 0.1 N NaOH to obtain the acid value. This shows 
how much fatty acid was saponified at the stage of “thickening.” If the fat 
charge was,neutral it was neutral fat which was saponified, but if the fat 
charge was acid these fatty acids were saponified first plus a certain amount 
of neutral fat, which my be calculated from the difference between the acid 
value of the split sample withdrawn from the kettle after thickening and the 
acid value of the initial fat charge. 

An important question in the production of cold-made soaps is saponifi- 
cation with less lye than that required theoretically. This leaves a certain 
amount of neutral oil in the product which decreases brittleness and ensures 
an alkali-free product. Any harshness of the soap can be overcome by super- 
fatting agents. Using the calculated quantity of lye, it is almost impossible to 
dispense with a small-scale test, for only thus can it be ascertained whether 
the amount of lye is too small, or, more dangerous, too high. 

One can nevertheless turn out a satisfactory soap with a calculated amount 
of lye and even without a superiatting agent by using a fat mixture containing 
only 30% coconut or palm kernel] oils. The skin-irritating effect is actu- 
ally inherent in the nature of the soaps from coconut or palm kernel oils 
(see Chap. XXXIT). This defect can be obviated by three different methods: 
(1) by incomplete saponification of the fats; (2) by superfatting the com- 
pletely saponified soap; and (3) by using not more than 30% coconut or 
palm kernel oils in the fat mixture. 

In this connection it is important to examine the form in which the un- 
saponified portion of the fats is present in the final soap. This question has 
been examined from various angles.®? It may be assumed that the unsaponi- 
fied fat is present not as ordinary triglyceride, but as mono- and diglycerides 
which do not reduce lathering power to nearly the same extent as would the 
triglycerides if present in the soap as unsaponified fat. 


22 J. Davidsohn and E. I. Better, Fettchem. Umschau, 40, 26-30, 52-55 (1933). J. 
Davidsohn, Seifensieder Ztg., No. 18 (1934). 
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In practice, there is actually no great difference between the lathering 
powers of a fully saponified coconut soap and a not quite completely saponi- 
fied coconut oil soap made by cold process. It could be proved that this 
point applies not only to coconut soaps, but also to cold-made soaps from 
other fats. This observation is of economic as well as scientific importance, 
for it is an advantage if soaps can be made by the cold method with less than 
the calculated quantity of lye, and fulfil all requirements. The result is of 
scientific interest because of the fact that the cold-process saponification 
— particularly with coconut and palm kernel oils—results in partial saponifi- 
cation of the triglyceride molecule of the unsaponified portion of the fat. 

The formulas that follow are calculated on the basis of the average sa- 
ponification value of the fat mixture undergoing complete saponification. If 
it is desired to leave a small percentage of the fats unsaponified, it is merely 
necessary to make the equivalent reduction in the quantity of lye. In all 
cases, however, the operation must be controlled by laboratory analysis. 
Several of these formulas also contain caustic potash. The addition of from 
20 to 25% caustic potash to the caustic soda renders the soap less brittle and 
improves its softness and lathering power, particularly when hard fats are 
used mainly or exclusively. Cold-process soaps may be made according to 
the following formulas: 


Caoconit oul ee wee es te ee ee 45 kg. 
Gastor Ol) Sa a RE COD 
(Chivijave jormicl, Bisse. |byen ee 4kg. 
Caustic soda, 38° Be = : Oe Re ea a ee AC 
Coconut oil Ct ee te eg er a] BOK oe 
Mallowa ea ih oh St e 25 kg 
Caustic potash, 38° Bé 5 kg. 
Gaustichsoduyocme Cae. emer a. See 22 kg. 
(Coconut: ee ee A ee ROE Mek a ae oO Oc r 
Olivet. orl (meee eee aerate = ee kc 
(Groundnttoll) ee ee a a ee 
(Crime pogln, GS? (it) pe 2 be a... eee 27 kg. 
Coconut oil eee 5... eS on Be ee ee Sik: 
Lard) Rn et Lg ._. kg. 
Olive, groundnut, or sunflower oil 10 kg. 
Caustic "sodasoh (Bev = 26 kg. 
(B) Fituinc or CoLp-MapDE Soaps . 


It is quite possible to produce a cold-process soap filled with sodium sili- 
cates. The Philadelphia Quartz Co. recommends the following formulas and 
procedure. 


75 parts tallow 
25 parts coconut oil 
75 parts caustic soda lye, 35.5° Bé 
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125 parts “N” silicate of soda* 
300 parts soap 


75 parts tallow 
25 parts coconut oil 


70 parts caustic soda lye, 35.5° Bé 
100 parts “N” silicate of soda 
270 parts soap 


It is advisable to use only high-grade tallow. If the tallow contains con- 
nective tissue or other impurities, it should be boiled on salt brine and allowed 
to settle. 

Three weighing tanks are usually arranged: (1) to supply the exact 
amount of fat stock; (2) for the exact amount of lye; and (3) for the silicate. 

The whole amount of fat charge is first run into the crutcher or into a 
kettle fitted with an agitator (145-150°F. in cold weather, 125-130°F. in 
summer). The crutcher is started and then all the lye is quickly run into the 
grease. This should take not more than two minutes. The mixture is 
crutched rapidly until it begins to thicken. At this time, considerable heat is 
liberated by the reaction between the stock and the caustic. If necessary, cold 
water may be run through the crutcher jacket to prevent temperatures over 
200°F. from being reached, although this is not usual with tallow. The sili- 
cate is added quickly while the crutcher is running. At first the mixture be- 
comes thinner, but the crutching is continued and in a few minutes the whole 
mass gradually turns creamy. 

It is important that the silicate should not be added before thickening has 
occurred; otherwise saponification becomes difficult. On the other hand, the 
silicate solution must be run into the soap mass in a fast and steady stream, 
or the soap may become too thick and the silicate not distributed homogene- 
ously. The filling of cold-made soap is rather difficult and in general it is 


advisable to produce filled soap by the semi-boiled process rather than by the 
cold process. 


(C) PERFUMING AND COLORING 


When perfuming and coloring cold-made toilet soap it is important to 
take into consideration the fact that, in contrast to perfuming and coloring 
milled toilet soap (when perfuming and coloring takes place during the mill- 
ing process), cold-made soaps are generally perfumed and colored when 
soap formation begins. If a coconut oil is used with a somewhat high content 
of free fatty acids, it is advisable not to add the color immediately before 
framing, but to stir it beforehand into the oil. The same applies to the per- 
fume. The point to be remembered in connection with the perfume is that 
a considerable proportion may be attacked by the free alkali which remains 


* A solution of 37.6% (1Na2O : 3.225i02). See Chapter IX, 4. 
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in large excess in the mass for a considerable time, until it is completely 
bound with the fat after spontaneous heating. In this process the perfume 
frequently suffers unwelcome changes; among the alkali-sensitive perfumes 
are many esters, such as benzyl acetate and ethyl] acetate. 

Perfume and color may be incorporated with cold process soaps in the 
final, and still liquid, soap paste. 

In coloring the soap it should be noted that it is best to prepare a dye 
solution by boiling the dyestuff for a few minutes in water, and filtering 
through cloth. Such a solution is best kept in stock. 

For perfumes most suitable for perfuming cold-made soaps, see Chapter 
XXV. Fournét?* gives a list of alkali-resistant perfumes: 


Alcohols isosafrole 
terpineol hydroquinone dimethyl ether 
geraniol Naphthyl ethers 
Akesvcitell yara-yara (2-methoxynaphthalene) 
rhodinol bromelia 
phenyl ethyl alcohol i ar 
i phenyl methyl ether 
linalool benzyl methyl ether 
sentalol bromostyrene 

Ketones Esters 
ionone benzyl benzoate 
methylionone benzyl cinnamate 
methylacetophenone methyl cinnamate 

Phenyl ethers ethyl cinnamate 
safrole bornyl acetate 


Coumarin and amyl cinnamaldehyde are also relatively resistant. Ethyl and 
amyl salicylates not only are alkali resistant but have a strong catalytic effect 
during the saponification process (see above). 


(D) Spreciat Processinc of CoLtp-MapE Soap 


We have mentioned that superfatting of cold-made soaps is very often 
advisable. As superfatting agents, only those of a genuine fatty nature, and 
not starch etc., should be used for this purpose. Vaseline and lanolin as well 
as fatty alcohols such as ethyl alcohol are suitable in percentages of 2-4% 
(calculated on the soap). If superfatting agents are added it is possible to 
saponify the fat charge more completely. The superfatting material is dis- 
solved in the fat charge before adding the saponification lye. 

An important factor for the manufacture of cold-made soaps is to prevent 
the sticking of cooled soap to the sides of the frames. It has been found prac- 


tical to cover the inside of the assembled frames with parchment paper or, 
better, with paper soaked in molten paraflin wax. These papers can be re- 


23 R. Fournét, Seifensieder Ztg., 65, 381, 400 (1938). 
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moved very easily from the cooled soap and can even be used again for an- 
other charge. Another method is to cover the sides with light cotton cloth. 
This can also be removed easily from the soap and re-used many times. 

The usual method of forming cold-made soaps is by wire cutting the 
solidified soap blocks removed from the frames into slabs, and finally into 
tablets of the desired size, and shaping these tablets as usual. However, it is 
possible to transform the blocks into flakes, then to dry the flakes, to mill and 
plod them as common toilet soaps. In this case perfumes, color, and even 
superfatting agents may be added during the milling process. Pure coconut 
oil soaps are not suitable for this process, as they are too brittle to be milled 
and plodded. 

Another method of processing cold-made soap further is to dissolve the 
still warm, but completely saponified, soap in water containing some caustic 
alkali, to grain-out the dissolved soap on spent lye, or to fit the soap on niger. 
In this case a soap is obtained which may be treated as a common curd soap 
base. This, as a matter of fact, is not possible with coconut oil soaps, which 
require too much electrolyte for salting-out. 

A difficulty in the cold saponification process is the incorporation of 
scrap from the cuiting of previous charges. The best way is to incorporate 
the scrap into a charge of a semiboiled soap. 

Very frequently, cold-made soaps are aerated in the crutcher to produce 
floating soaps. This is done by adjusting the height or volume of the mass in 
the crutcher so that by reversing the worm the soap just flows over the top into 
the helix. With coconut oil soaps containing 55-65% pure soap content, 
where saponification may be allowed to proceed to some degree, the soap may 
be aerated to a density as low as 0.6% without difficulty. Another method of 
aerating cold-made soap is to add a small amount of aluminum powder dur- 
ing the initial stage. The alkali forms sodium aluminate, liberating hydrogen, 
which in turn aerates the mass. 


(E) Tue SEmMIBoILED PROCESS 


This is a modification of the cold process for soaps that is best adapted 
to the production of soaps from mixed fats of higher melting point. In this 
process both fatty acids and rosin can be included in the fat charge. In 
brief, the method involves the same operation as in cold saponification, except 
that the temperature lies between 70 and 80°C. The liquid fat mixture hav- 


ing been brought to this temperature, possibly with the addition of some 
melted rosin, the requisite quantity of lye is introduced and stirring is con- 


tinued until the soap is formed. Care should be taken that the temperature 
of the mix does not fall below 70°C. With a higher percentage of rosin or 
fatty acid, the fat mixture at 70 to 80°C. is run into the lye to avoid formation 
of lumps. After stirring with sufficient thoroughness, the mass is left for 
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one half to one hour while saponification proceeds. When saponification has 
advanced sufficiently, the filler solution is added, as in the case of cold-made 
soaps, if such an ingredient is used. Saponification then proceeds to com- 
pletion and the soap mass forms a liquid paste. If the paste is not suffi- 
ciently liquid, a little common salt may be added (0.3-0.5% calculated on the 
fat, 0.8% for an electrolyte-sensitive fat mixture, and up to 0.5% for a less 
sensitive material). Unless a floating soap is desired, care should be taken 
that no air is included when stirring, for the soap paste would then be ren- 
dered frothy. 

Adjustment of the alkali content (free alkali) can be effected after com- 
plete saponification (a sample of the soap mass should give a clear solution 
in hot distilled water) either by adding lye or (when the phenolphthalein test 
indicates a large excess of lye) by adding fatty acid. The possibility of such 
an adjustment is clearly a great advantage over cold-process saponification. 
Another advantage of semiboiled saponification is the opportunity of pre- 
viously dissolving waste soap from cuttings, etc. in the lye. It is true that, 
with very skillful operation, soap cuttings can also be included during saponi- 
fication by the cold process. If cuttings of soap made by the cold process are 
in stock it is recommended that an occasional batch be prepared by the semi- 
boiled process in order to utilize this waste material. When saponifying 
difficultly saponifiable fat mixtures (high tallow content) the temperature 
often drops too sharply, in which case it is necessary to increase the tempera- 
ture. Semiboiled process soaps are now rarely run into small frames to com- 
plete the saponification because the advantageous possibility of adjusting the 
alkali content is thereby ruled out. It is more usual to charge the finally 
saponified soap paste through the crutcher into frames, which may be con- 
siderably larger than those used for cold-process soaps. 

At this juncture we may add that saponification by the cold or semiboiled 
process is also applicable to the production of liquid soaps, shaving soaps, 
and shaving creams (Chapter XXI). 

Following normal practice with semiboiled soaps, the size of the fat 
charge may be considerably greater than in the case of cold-made soaps. 
But this naturally does not exclude the possibility of running smaller batches. 
Practically every fat combination may be used as fat charge for the semiboiled 
process. 

The addition of potassium carbonate as filler has the effect of producing 
a soap of somewhat softer texture. 

A useful description for the manufacture of a filled semiboiled soap is 
given by Philadelphia Quartz Co.: 315 parts tallow, 55 parts coconut oil, 280 
parts caustic soda lye (35° Bé), and 185 parts “N” silicate of soda. The 
stock is warmed to 140°F. and the lye and the silicate are added as described 
in the cold process. Some soapmakers prefer to mix the silicate with the lye 
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and add them together. As soon as the silicate or the silicate and lye is thor- 
oughly mixed with the stock, agitation is stopped and the mixture is al- 
lowed to stand for 1-1.5 hour. The temperature should then be about 180°F. 
Steam is used to bring up the temperature if necessary. The crutcher or agi- 
tator is next started slowly. After 10-15 minutes, alkalinity of the soap can 
be adjusted by the addition of 8° to 10° Bé lye or of coconut oil. When the 
materials have combined into a homogeneous mass, the soap is run into a 
frame or frames. Further mixing here may be necessary to prevent the for- 
mation of streaks. It is desirable to reduce the temperature until the mixture 
will just discharge from crutchers without sticking. This will prevent separa- 
tion in the frames. 

Care is necessary to prevent crutching too much air into the soap in the 
semiboiled process. The movement should be slow. In the center-well type 
of crutcher, the tube should be covered with the soap batch to avoid trapping 
air in the soap thrown out by the screw. 

The semiboiled process is especially suited for the production of filled 
soaps. The following formulas illustrate this point. 


Formuta 1 
Balmekernelsorscoconutgoll sana eee ee 800 kg. 
Tallow or hardened fat ___ ess 120 
DRO Sry eee eee eee uh Ren 80 
(CaustiCHsogs eo Tae Cre Set 2 Oe ee ee RE Pca 850) 
Potassium carbonate solution, 30° Be pe ee ee 130 
Salt water 24° Bé J 150 
Waterelassesoa bee (Nach S51 On) I= en ee 54 


The fats and broken-up rosin are melted together, added to the kettle 
with agitation, and the caustic soda and potassium carbonate solution, pre- 
warmed to about 60°C., run with stirring into the melt, which has been 
brought to 75 to 80°C. When reaction has commenced, the salt water is 
added, followed by the waterglass previously mixed with lye. The soap is 
then transferred to the frames. 

For colored soaps the dye solution is added to the frame and thoroughly 
stirred in. Now and then a small proportion of the tallow may be replaced 
by crude palm oil in order to give a more lively color. 


Formuta 2 
almekernelmoilorgcoconuiaollpe === = = es eS eee 380 keg. 
Alia lO Wa yao ee ore ee ee ee ae ae 250 
Peletbonestaty 2... ae ees Pee 100 


Rosin pe wee ee 250 
Caustic soda, 38° Bé Se ell cote URED 20k SAAD. [Rne ey ot, Ss a 450 
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Potassium carbonate solution, 20° Bé _... 


a er ee 410 
Saltiwaterwiione bc se saemeee Mem Me - e 370 
Waterglass, 38° Bé (NasO :3SiOz) - 237 


The procedure is the same as with formula 1. 


When using only fatty acids and rosin, the lye and filler are first brought 
into the kettle, then the fatty acids or the fatty acid rosin mixture. Typical 
mixes are given below: 


Waite Soap with 220% Ytrip 


I. Palm kernel fatty acid or coconut fatty acid a 300 kg. 
AREMUGN Sy aii exeiel — a ee 200 
Caustic soda, 30° Bé _.___ be ee ee he 360 
Waterglass, 38° Bé (Na:O: 38i0. ) ue Taal 140 
Salt water, 20° Bé —_... A se steal $Y LE 35 


PaLE YELLOW Soap witTH 250% YIELD 


2. Palm kernel fatty acids or coconut fatty acid 
Tallow’ tatty acid; == 
ih ee a ee 
Caustic soda, 30° Beha ee tonnes eres 
Waterglass, 38° Bé (NaO : ca. 3510.) a _— emcee, Le 
Salf:water:-20° Béy2 22 9. ee a ES =) 35 


Lye and filler are introduced into the kettle and warmed to 80 to 90°C. 
The fatty acids or rosin—fatty acid mixture, brought to the same temperature, 
are added, and the whole mass well stirred until a homogeneously combined 
soap paste is in the kettle. This mass is left at rest for two hours before 
again stirring thoroughly several times. After testing for free alkali, the 
soap mass is transferred to the frames, where it solidifies. 

Rosin or tall oil is very often used within the fat charge of semiboiled 
soaps. The following are some typical formulas for semiboiled soaps: 


1. 365 parts palm kernel oil 
91.5 parts coconut oil 
64 parts rosin and/or tall oil 
265 parts caustic soda solution, 37° Be 
180 parts waterglass (Na2O : 3.22), 41° Bé 2 previously 
15 parts caustic soda solution, 36° Bé § prepared 


2. 444 parts coconut and/or palm kernel oil 
222 parts light rosin 
333 parts caustic soda solution, 37° Bé 


8. 100 parts coconut and/or palm kernel oil 
100 parts light rosin 
100 parts caustic soda solution, 37° Bé 
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It should be mentioned that it is possible to use the semiboiled process as 
the start for the production of the usual soap curd on lye or niger (see Chap- 
ter XII). As pointed out, an advantage of the semiboiled soap process over 
the cold process is that scrap is easily used up during the saponification proc- 
ess. The method is to dissolve the scrap in the kettle in some of the warm 
water used, with an addition of caustic lye, and then to add the saponification 
lye for the fat charge. 


(5) Manufacture of Built Soaps 


(A) DEFINITIONS 


A genuine or pure soap contains 60 to 63% fatty acids when freshly 
pumped from the soap pan. Such a soap must be considered as the spontane- 
ously formed product when a homogeneous soap solution is made to separate 
and settle into two phases: curd on clear lye, or neat soap on niger. 

In some countries, specifications and standards exist that define very 
strictly the requirements such pure or genuine soaps must fulfill. 

In trying to trace the interesting development the conception of pure neat 
soap had to undergo during the last forty years or so, we find the first coun- 
try to work out and issue specifications and standards for the soap industry 
was Germany, as far as the European Continent is concerned. The German 
soapmakers’ association issued the following standard specifications: 


1910. Pure neat soap (Kernseife) is a product formed by the saponification of solid 
and liquid neutral fat and fatty acid with or withtout the addition of rosin, by one of the 
full-boiled processes, and by the subsequent graining of the soap from their solutions, by 
salt. It should contain at least 60% fatty acids. 

1913. Neat soap is a product formed by the saponification of solid and liquid neutral 
fats and fatty acid, with or without the addition of rosin, with the condition that it con- 
tains at least 60% fatty acid when fresh. It should not contain added fillers or builders. 

1925. As above, with the following remark: additions that do not reduce the fatty 
acid content of the soap below 60%, and are, in some way, helpful in building the de- 
tergent action of the product, should not be regarded as impurities. 


It can be seen that there is a gradual relaxation from the strict definition 
of the term neat soap as presented in the various resolutions. In accordance 
with the first definition, it was indispensable to produce a settled neat soap 
to satisfy its terms, while the latter definitions had permitted the pro- 
duction of any unsettled soap provided that it contained at least 60% of 
fatty acid. Moreover, corresponding to the terms of the remark of the year 
1925, it even became possible to add slight amounts of builders to the soaps 
and still call them pure neat soaps. 

As an interesting example of the terms of certain definitions and stand- 
ards undergoing decisive changes under the influence of changing economic 
and even political conditions, the adventure of the “neat soap” standards in 


XIX. FULL-BOILED UNSETTLED SOAPS 413 


Germany before and after 1933 may again be cited. In 1925, the Reich com- 
mittee for standard specifications again proposed to turn back to the first 
stricter definitions. In 1934, apparently under the impact of Germany’s crit- 
ical raw material position, the government not only relaxed the above specifi- 
cation, but actually ordered the production of soap containing no more than 
52% of fatty acids, and gave permission to use the denomination neat soap 
for such a product if it contained not less than 50% of fatty acids. 

We have already described the discussions that were being held in France 
in respect to the specification of neat soap. Standards for Marseilles soap 
prescribe that it should contain at least 72% anhydrous soap. 

Under A. S. T. M. Designation D497-39, the following general require- 
ments are mentioned for ordinary bar soap. It should be a well-made, uni- 
formly mixed, bar soap, made from soda and fats, with no excessive propor- 
tions of rosin, and a moderate amount of matter insoluble in alcohol. Mini- 
mum content of anhydrous soap 52.0%; maximum moisture and volatile 
matter at 105°C. 36.0%; total matter insoluble in alcohol plus free alkali 
2-10%. 

The designation for built soap, powdered, D533-41, requires that it should 
be a high-grade product in powder form composed of soap and alkaline de- 
tergents. It should contain a minimum content of anhydrous soap of 50%; 
the sum of free alkali and total matter insoluble in alcohol 40% (max.). 

The specification for milled soap, D455-39, requires a high-grade milled 
cake soap, as free as possible from water, thoroughly saponified; anhydrous 
soap content 83% (min.); sum of free alkali, total matter insoluble in alco- 
hol, and sodium chloride, 1.7% (max.). 

Not one of the specifications quoted, or any other existing to date, calls 
for a genuine soap in the strict significance of the term, as we had interpreted 
it in the sense of the phase rule. Even with milled toilet soap, there is a com- 
paratively large margin allowed for added material. There is generally not 
more free alkali and salt than a maximum 0.7% in a milled soap. But even 
so there still remains a 1% margin for added materials insoluble in alcohol. 


(B) Tue Merits oF Soar BUILDERS 


In A. S. T. M. Standards, 1946 (page 1015), the following definitions are 
given for the two terms, filler and builder: 

Filler. A material added to soap or other detergent which does not improve its at- 
tractiveness or its effectiveness under the conditions of use. 

Builder. A material added to soap or synthetic detergent to improve its effective 
ness under the conditions of use. 

There are still many soapmakers, especially in Europe, who are not fa- 
miliar with the proper meaning of the two terms; and, in fact, in no other 
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language, except English, are these terms similar to those covered in Eng- 
lish by builder, building of soap, or built soap. 

In Germany, for instance, there is only one term in use which can be 
translated into English as “filling” or “extending.” No wonder that the 
operation of “extending” the soap base composed of pure soap by adding 
materiais of nonsoapy character to it was considered in Europe from an in- 
dustrial and commercial viewpoint as something improper and even dis- 
creditable. 

There is no discussion that, for instance, extending a cold-made coconut 
oil soap with salt and water is in fact an operation which must be regarded 
as an adulteration, should the product be sold with no special reference as to 
its true fat content. Everyone will agree that such a soap is of highly inferior 
quality as compared to an unfilled soap. But since it has been established by 
scientific test methods that combination between pure soap and certain alka- 
line salts give better detergent action than soap alone, it becomes obvious 
that “building of soap” (that is, combining pure soap with alkaline salts in 
proper proportions) has to be considered as a process improving the quality 
of the soap product. 

Pure soap solutions as such develop an alkalinity corresponding to a 
pH value of 8.8-9.5, but it has been found that the best detergent action is 
displayed by soap solutions at a pH value of 10.7, and even values of over 11 
have been mentioned (see Chapter XXX). 

Alkaline salts (carbonates, silicates, borates, and phosphates, see Chapter 
IX) “build up” this required alkalinity which pure soaps in themselves are 
unable to attain in solutions. 

Additional contributions of alkaline soap builders in such products are 
their softening action on the lime and magnesia salts present in ordinary wa- 
ter, also their action on certain metallic ions, and finally their help in keeping 
dirt suspended and fatty impurities emulsified in the detergent solution (see 
Chapter XXX). 

Soap, when used alone, has to perform five functions in the laundry proc- 
ess: (1) to neutralize the acidity of the soiled washing, (2) to neutralize the 
acidity of the water used, (3) to neutralize the acidity of the fabric itself, 
(4) to precipitate the hardness of the water, and (5) to act as a detergent, 
that is, to emulsify and keep in suspension (peptization) the fatty and solid 
soil particles. In addition to all this, it must produce and keep up a certain 
optimal alkalinity, that is, pH 10.7-11.2, during the whole washing process. 

According to Roshdestwensky,** 100 kg. of soiled washings contained 
2. moles of acid and, for neutralization alone, needed soap calculated as 560 g. 
of fatty acids. (Snell?* investigated the “break down” liquor in American 


241). Roshdestwensky, Fettchem. Umschau, 40, 237 (1933). 
25 F. D. Snell, Soap, No. 1, 29 (1932). 
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laundries and found 0.0105 mole acidity per liter, which would correspond, at 
a ratio of 1 : 4 between washings (load) and water, to 4.2 moles acidity per 
100 kg. of load.) The 400 kg. of water used had a CO, acidity that had to 
be neutralized with soap equivalent to 150 g. of fatty acid, and finally the 
fabric itself adsorbed 300 g. of fatty acid as soap. Softening of the water 
used up (400 kg. water of 15° German hardness) 600 g. of fatty acid. The 
elimination of soil, that is, the washing process proper. is attained with 
625 g. of fatty acid (always in terms of fatty acid in the form of soap). 

Summing up the investigation, it may be stated that, of the total fatty 
acids used in his particular washing operation, 46% were used for neutraliza- 
tion of acidic material, 26% were used for softening of the water, and 28% 
were used for washing proper. 

These figures make it more than obvious not only that washing with pure 
soap alone has to be considered as uneconomical and wasteful, but also that 
pure soap alone cannot produce the desired effects. It is curious that this 
fact was overlooked during a certain period, especially in European house- 
holds. However, the reason may be found in the extreme lack of supply in 
fabrics of all kinds in Central Europe during and after World War I. So it 
may be understood that considerations concerning the preservation of fabric 
and prolongation of its life overrode every other consideration. The question 
of whether or not this was justified will be discussed later. 

In any case, the American housewife and, to an even higher degree, the 
commercial launderer, never stopped the scientifically justified practice of 
using suitable amounis of alkaline electrolytes along with pure soap. These 
alkaline electrolytes (soda ash, trisodium phosphate, sodium silicate) are 
much cheaper than soap and are available in the United States from easily 
accessible raw materials. They are excellent for neutralizing, softening, and 
building up proper alkalinity, and aid soap in every respect in exercising its 
full detergent action. 

It has been stated that by the use of such electrolytes in the various stages 
of the washing process, it was possible to bring down soap consumption in 
scientifically managed laundries in the United States to 0.8% fatty acids 
based on the weight of the fabric. 

Experience with alkaline built soap powder fully bears out the evidence 
of the above considerations. It was proved experimentally that with 1 kg. 
of a soap powder combination containing 400 g. of fatty acids (equivalent 
to 700 g. of neat soap) and 400 g. of sodium carbonate it is possible to wash 
two and a half times more soiled washings than with the soap alone. 

Only a few of the exact experiments which confirmed the above statement 
during the last 15 years need be cited here. Rhodes and Bascom?® found 
that the detergency of 0.25% soap solution increases with alkali addition up 


26 F. H. Rhodes and C. H. Bascom, Ind. Eng. Chem., 23, 778 (1931). 
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to a pH value of 10.7, and that the action of the builder is proportional to the 
valency of its anion. 

Baker?” demonstrated in actual laundry experiments that the higher the 
pH of the liquor, the smaller the amount of soap necessary to effect the same 
result. Table XIX-6 shows these results, 

The relation between the required amounts of alkaline salt of different 
kinds and the pH of the liquors thereby obtained in actual laundry practice is 
shown in Chapter XXX. The corresponding data were derived from actual 
titrations of the liquor in experiments conducted in a Chicago laundry. 

The evidence given above sufficiently bears out the justification of the use 
of alkaline builders in soap powders and solid soaps. The practical sense of 
the American consumer made possible the introduction of reasonably built 
soaps as market brands which were sufficiently inexpensive and at the same 
time rational in use and highly efficient. That is also the reason why the 
A. S. T. M. standards, unlike other specifications (which, in the opinion of 


TABLE XIX-6 
Soap Consumption at VaRyInc pH Vaiurs or THE Liguor27 


java Csi lit (b10s Cemmecececmmpees ne? Senn uta eee 9.9 10.8 NES: 
Soap used for 408 kg. of washing, kg. 5.18 3.29 2.74 


the authors, must now be considered somewhat out of date), do not find it 
necessary to define the genuine pure soaps as a product in the sense of the 
phase rule and, for the most items, leave ample margin for the use of alkaline 
builders in the soap product. 


(C) Errecr oF ALKALINE BUILDERS ON FABRIC 


As already mentioned, there was, however, at the beginning, a serious ob- 
jection in the mind of the consuming public against the use of alkaline built 
soap products. There has been, in the last 30 years, a considerable contro- 
versy concerning the alleged destructive action of alkaline solutions on the 
various fabrics. This, in fact, was one of the problems that had to be settled 
before soapmakers and public could make up their minds as to whether or 
not to accept alkaline built soaps as equivalent detergents able to compete 


with pure soap in every respect. 

A discussion of some of the investigations carried out in this direction 
should be of interest. Such investigations were carried out in Central Europe 
on a wide scale, due probably to the fact mentioned above that in these coun- 
tries special circumstances rendered the necessity of fabric conservation a 


matter of first priority. 


27 C. L. Baker, Ind. Eng. Chem., 23, 1025 (1931). 
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The launderers’ association of Switzerland carried out laundry experi- 
ments of very wide scope under the supervision of A. Haeuptly”® of St. Gallen, 
as summed up in Table XIX-7. Cotton fabric was washed in various deter- 
gent combinations 80 times, and tested for tear resistance and breaking 
strength in both directions. The results of these experiments clearly bear out 
that it is, in the first place, the oxidative bleaching which greatly reduces the 
lifetime of the fabrics. On the other hand, combinations of pure soap with 
soda ash are somewhat more harmful than soap alone; but last and most im- 
portant, when sodium silicate is added to the combination, the mixture result- 
ing has better preserving properties than soap alone. 

There are some more recent investigations by Roshdestwensky?® concern- 
“ing the effect of soda ash on fabrics. Soda will be absorbed by fabrics in 


TABLE XIX-7 
Fiser STRENGTH CONSERVATION BY VARIOUS DETERGENT Mixtures28 
Warp Woof 
No. Detergent =e ; 
Re Be Re Be 

1 Pure soap See ree” OPEL 83.8 51.3 174.1 
ie plus soda ieee Samer renee 52.1 92.6 49.5 81.9 
hits “ plus sodium silicate __... 75.1 101.5 71,2 129.3 
ah & i “plus sodium perborate 40.5 83.8 40.0 98.3 
5 Persil (alk. soap powder containing soap plus 

Na2COz plus NaeSOz plus perborate) —... 315 Tas 26.6 82.7 
6 Soap plus soda plus ozone when rinsing 62.6 (ths) 59.9 134.5 
7 plus bleaching with Bype 

chignite = ses 38.8 86.8 37,4 98.3 
8 Soap plus soda plus bleaching with FLO» — 44.4 79.4 41.1 91.4 


aR, tear resistance. 

2B, breaking strength. 
proportion to the strength of the solution used. Soda crystals are deposited 
in the cavities existing in the fibers and thereby produce a destructive effect, 
which makes itself felt in practice only when the concentration of the soda 
solution is in excess of 0.25%. In concentrations of 0.1 to 0.2% these effects 
do not materialize. Fabric washed 30 times with a solution mixture contain- 
ing soap and soda in 1 : 1 proportion reduced the fiber strength only by 18%, 
while in a proportion of ] : 2, 25% of strength was lost. 


(D) TrcunicaL Aspects oF BAR SoAP BUILDING 


It is not as easy as it may seem to combine a liquid soap with builders. 
The difficulties described below were probably not felt as keenly in the United 
States as in Europe. This is due to the fact that in the United States the pro- 


28 A, Haeuptly, Communication of the Swiss Federal Launderers Association, St. 
Gallen, Switzcrland. 


29D. Roshdestwensky, Masloboino-Zhirovoe Delo; through Fette u. Seifen, 1938, 
Ds 320, 
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duction of built-up soaps was always considered as the customary course of 
the manufacturing process. In fact, it can be said that in the United States 
neat soap is regarded in most factories as an intermediary product serving 
only as a basis for the subsequent production of built-up soap. This is, at 
least, the case in the manufacture of the ordinary brands of household soaps. 
Equipment in the American soap factories was adopted from the outset for 
this purpose, and there were no particular difficulties encountered, at least in 
the mechanical sense. However, no soapmaker would deny that from a 
chemical point of view great care has to be taken to overcome incompatibili- 
ties in certain cases between a particular neat soap base and the liquor pre- 
pared for building up the soap. 

The mechanical devices lacking in Central Europe at the time the building’ 
of bar soap was reintroduced (1933) were especially suitable crutchers 
and frames. Soap manufacturers there had mostly stopped using the time- 
honored cooling methods in forms or frames. They had been applying for 
some time the more modern procedure of cooling in machines, where the 
liquid soap mass is cooled down in a matter of one to two hours to a solid 
slab of suitable thickness. Such a slab requires afterward only the customary 
cutting table for cutting into cakes. 

The pros and cons of the modern method as opposed to the old method 
are fully discussed, together with the problems of the apparatus, in Chapter 
XXIII, Section 3. Here, we merely mention that European manufacturers 
found it particularly difficult to produce built bar soaps because a built soap 
when produced with large amounts of silicate or soda and reduced to a fatty 
acid content well below about 55% becomes a viscous mass which is difficult 
to handle without the use of suitable crutchers and difficult to introduce into 
cooling presses. 

A great deal of discussion has taken place in this respect during the last 
few decades and, as a result, the building of soap became a scientifically bet- 
ter controlled procedure than ever before. 

A properly built soap, and accordingly the base soap to be treated and 
the liquor composed for building, should satisfy the following set of require- 
ments. (a) The fat charge should have a L.L.C. sufficiently high to with- 
stand the graining effect of the building liquor. (b) The fat charge should 
furnish soap of such plasticity as would counterbalance the hardening effect 
of the builder. (c) The neat soap should be sufficiently settled and free of 
electrolytes so that it will not interfere with the effect of the calculated amount 
of electrolytes added. (d) It should have sufficient alkali to withstand the 
neutralizing effect when acid sodium silicate is added. (e) The electrolyte 


| solution or mixture should be of the proper strength in order to fit the L.L.C. 
, of the soap base and not interfere with the homogeneity of the phase. 


| (f) In addition to sodium silicate it should contain such salts or alkalies as 
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‘are able to thin out the mass and make it more suitable for handling in the 


crutcher and for charging into frames or cooling presses. (g) The built 
soap should present a homogeneous, firm, but not brittle, cake or bar which 
keeps its homogeneity for an unlimited period without producing any precipi- 
tate on its surface or separating any liquor. 

It is known that soap is more sensitive io the graining action of a certain 
electrolyte concentration in the cold than at higher temperatures. This is 
why the building liquor should be reduced to a concentration at which the 
soap is able to preserve its homogeneity, even at the lowest temperature to 
which it may be exposed. When this condition is fulfilled, there will be less 
danger of any liquor separating subsequently. 

A soap treated like this would, on the other hand, be better preserved 
against rapid drying out. There are conditions acting as a kind of vicious 
circle; when electrolytes concentrate in the soap as a result of evaporation of 
water from the soap cake, this may cause partial graining and more separa- 
tion of water at the surface, which would, in turn, evaporate, and so on. 

With the use of carbonate, there is more danger than with any other elec- 
trolyte that white precipitates may appear on the surface. Chlorides are 
very strong in their graining action. NaC] should be used in addition 
to other electrolytes when these show a tendency to soften the soap. NaCl 
solutions should never be used alone for the building of soap, but always to- 
gether with sodium silicate. Sodium silicate is the only builder which, when 
used reasonably, does not precipitate on the surface in the form of a white , 
layer. It is assumed that sodium silicate forms a kind of crust on the surface 
which closes its pores against the tendency of the electrolytes to pass through 
it. 

A dilemma arose with the use of neutral sodium silicate when it was ex- 
perienced that such an addition made the mass so viscous as to render han- 
dling impossible, except in very strong crutchers; cooling in machines was 
likewise not feasible. The alternative was to use more caustic alkali than 
required for neutralization of the free silicon dioxide, or to use some other 
salts along with the builder for somewhat softening the mass. In the former 
case, however, the soap became alkaline, and in the latter, there was the 
danger of bloom. The neutralization of sodium silicate 1Na,O : 35i0, 
(38° Bé) with dry sodium carbonate is reported to give a mixture of excellent 
properties as a builder, and it has been stated that it shows no tendency to 
produce white bloom. 

It has been pointed out by one author that the presence of rosin in the 
charge preserves built soap against bloom. The same author mentions, 
incidentally, that sodium sulfate, when added to sodium silicate, counteracts 
the thickening effect of the latter, thus making possible the use of cooling 
presses for silicate built soaps. 
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As a matter of interest, it should be mentioned that other means for thin- 
ning out soaps built with silicate solution were proposed. These are: small 
additions of sugar solutions or the use of a small quantity of citronellol. 


(E) Puysrcan Nature oF Burtt Soaps 


The physical nature of practical soap systems containing added salt solu- 
tions was not investigated, and it was only recently that Wigner®° outlined 
some interesting considerations which may be applied to control more pre- 
cisely the process of soap building. According to Wigner’s explanation, 
there are four main groups of built bar soaps. (1) Soaps, liquored with salt 
solutions containing down to 60% fatty acid. (2) Run soaps containing 
40-50% fatty acids. (3) Glued-up soaps with normally 56-58%, but some- 
times lower, fatty acid content. (4) Run soaps containing less than 40% 
fatty acid. 

Each of these classes represents a different type of physical state, and 
their manufacture can be facilitated greatly when this had been sufficiently 
understood. Let us examine each group individually. 

(1) These are essentially identical with pure settled neat soaps. They al- 
ways represent one homogeneous phase. It was seen on the phase diagram 
that neat soap is able to exist throughout a whole range of compositions con- 
taining from 60 up to 63% of fatty acids, and also varying percentages of 
salt. Table V-7, reproduced from Wigner’s work, shows such a range of 
neat soap compositions. It was also shown (see Ch. V, 2) that neat soap 
resulting from a rough fit containing, say, 63% of fatty acid, and a certain 
quantity of salt, can be transformed into neat soap containing only 60% fatty 
acid, and a quantity of salt corresponding to this point in the phase diagram. 
This is accomplished by the addition of salt solutions of suitable concentra- 
tion. How this should be done by using Table V-7 or the diagram containing 
the plotting of the figures from Fig. V-1 was discussed earlier. 

In Fig. V-1, fatty acid content is plotted against salt content in the free 
solution. For the use of his method in the production of liquored soaps, 
Wigner advises plotting fatty acid content against salt content in the neat 
soap. From such a chart it is easy to extrapolate any fatty acid value and 
the corresponding content of salt which such a soap should contain when 
in real equilibrium. It is then an easy matter to calculate the quantity of 
water and the quantity of salt required for the dilution of the concentrated 


soaps to the less concentrated ones. But, since the water and salt quantities 
required for the operation are known, the concentrations of the salt solution 


to be used are known as well. 
Let us consider a concrete example. By extrapolation from Fig. V-1 


30 J. H. Wigner, Soap Manufacture. The Chemical Precess, Chemical Pub. Co., New 
York, 1940. 
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(which was drawn by using values found for fatty acid versus salt content in 
varying experimental fittings), we know that with a certain fat charge a neat 
soap contains 0.434% NaCl with 63% fatty acids, and 0.632% NaCl with 
60% fatty acids. In order to prepare a 60% soap from a 63% soap, we have 
to increase the weight of 100 g. soap to 105 g. This 105 g. of soap should 
contain 105 x 0.632/100 = 0.664 g. of salt, which means that we must add 
0.664 — 0.434 = 0.230 g. salt, or 5 g. solution containing 0.230 g. salt. The 
solution to be adtled must consequently contain (100 x 0.230) /5 = 4.6% salt. 

For each type of fat charge the basic figures and charts must be estab- 
lished by small-scale boils and by the determination of fatty acid and salt 
content in the separated neat soap. Series of fittings with varying amounts 
of salt in the free solution must be made and investigated. By using these 
figures and charts derived from them, it becomes possible to transform any 
rough fit into the corresponding fine fit containing less fatty acid. 

It must be stated that when the transformed soap is made to contain more 
electrolyte than it could according to the chart, the new soap would not be a 
homogeneous phase, and it would tend to separate some liquor. When, on the 
other hand, the liquored soap contains less salt than it should, according to 
the chart, then the consistency would be too soft. 

(2) The soaps belonging to this class also represent one homogeneous 
phase just as the liquored soaps dealt with under (1). Because of the low 
fatty acid contents between 30 and 40%, these soaps belong to the phase di- 
agram of the area of the niger. The salt contents of these soaps must there- 
fore be adjusted in such a way that for any fatty acid content the correspond- 
ing electrolyte content of the particular niger is strictly correlated. 

The properties and composition of nigers can be studied by small-scale ex- 
periments. Here, again, fatty acid contents can be plotted against salt con- 
tents in the niger. Thus, theoretically, any type of niger can be prepared by 
suitable addition of salt solution to a neat or curd soap. It is known, of 
course, that ordinary nigers of low concentration are quite soft and would be 
unsuitable for use as bar soaps. However, it makes a difference when sodium 
carbonate is used instead of salt and when the fat charge contains fats which 
produce sufficiently hard soaps. The amount of sodium silicate equivalent 
to the required quantity of salt as established may be calculated when each 
part of Na,O present in the sodium silicate is taken as 1.3 parts of NaCl. 

Let us again take an example from Table V-7. From the chart in Fig. 
V-1 we can determine that a 28% fatty acid niger contains a free solu- 
tion of 8.8% salt concentration, and a niger with 40% of fatty acids contains 
a free solution with 7.2% salt. From this, the absolute ainount of salt con- 
tained in these nigers can be caleulated in the following manner. The 28% 
niger contains 28 «1.52 =42.5% of 66% soap hydrate and 100-42.5= 
57.5% free solution, or (57.5 x 8.8) /100 = 5.0% of salt in the niger. In the 
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same mamner it can be calculated that the 40% niger contains 2.8% of salt. 

The 63% neat soap contains 0.434% salt. In order to have a 28% solu- 
tion, we dilute 100 g. to 225 g., and add 125 g. of solution. This 225 g. must 
contain, however, (225 x 5.0) /100 = 12.25 g. of salt. We add 11.25 — 0.43 = 
10.82 g. of salt in 125 g. solution, or a solution of 8.7%. 

To recalculate this amount of salt solution into a sodium silicate solution: 
3 parts of alkaline sodium silicate contains roughly 1 part of Na.O; 3 parts 
of this silicate is equivalent to 1.3 parts of salt. 10.82 g. of salt is equivalent 
to 1.3:3=10.82 :%; «=25.0 g. of sodium silicate (2:1), that is, the 
strength of the silicate solution is (25.0 x 100) /125 = 20%. 

In order to obtain the 40% niger we dilute the 100 g, of 63% neat to 
157 g. of total weight. This 157 g. of niger must contain (157 x 2.8/100 = 
4.4 g. of salt. 3.97 g. salt is equivalent to 9.1 g. of sodium silicate (2:1). 
Consequently, we add 57 g. of a 16% sodium silicate solution to 100 g. of 
neat soap (about 17° Be). 

However, what has been explained before with respect to the difference 
between the susceptibility of electrolytes of soaps in the hot and cooled 
states must be kept in mind. The above calculation has only approximate 
validity, since in actual practice the silicate concentration is somewhat too 
high. 

In fact, all practical soapmakers recommend laboratory trials before de- 
ciding what concentration a solution should have for a successful running. 

Wigner advises that these trial runnings be carried out by making, with 
each fat charge, a series of runnings with varying silicate of soda concentra- 
tions, taking samples from the cruicher and setting them aside in beakers. 
When the running produces the proper quality of trial soap, the contents of 
the beaker are separated into two layers; but, in such cases, the upper layer 
is very small in proportion. When the silicate solution is too strong, the 
upper layer is too large and the ready soap is rough in texture and probably 
also separates liquor to some extent. When too weak a silicate solution is 
used, there is no upper layer at all and the ready soap is then too soft. In 
such a way, tabulated data can be worked out for each kind of fat charge, 
in which the degree of running (that is, the fatty acid content of the running 
soap) is correlated to the sodium silicate lye concentration which proved 
to be suitable throughout the trial runs. 

(3) Such soaps do not consist of a homogeneous phase. They are, rather, 
an emulsion of neat soap and niger in suitable proportions, and it is ap- 
parently the silicate of soda which acts as an emulsifier between the two 
phases present. There is certainly a tendency for separation in this hetero- 
geneous system, and, in order to obtain a properly uniform product, the mix- 
ture must be agitated until low temperatures are reached, and run into the 
frames only after the risk of separation has been eliminated completely. 
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According to Wigner, the best final products of this type were produced 
when the corresponding trial tests separated into two layers, the upper of 
which consisted of about 35% of the total mass. In such cases the upper 
layer contained about 60-61% of fatty acids. The concentration of the 
silicate lye which causes this particular degree of separation must be found 
experimentally. 

(4) These soaps are emulsions of neat soaps and of soap dissolved in a 
strong solution of silicate and carbonate. Glued-up soaps are made with 
strong solution of silicate or carbonate of soda. This soap becomes very vis- 
cous in the crutcher and cannot be run into the frame on account of its 
consistency. The fat charge contains solid fats of the tallow and palm oil 
class and also considerable quantities of rosin. 


PART D 


Special Soap Products 


CHAPTER XX 


TECHNICAL SOAPS 


(1) Solvent and Dry Cleaning Soaps 
(A) Sotvenr Soaps 


Solvent soaps are finding application in the textile industry as well as in 
the laundering trade. Normally, they contain only 5-15% solvent, inclusive 
of the emulsifying agents when the latter have solvent properties. This small 
percentage of solvent does not exercise a dissolving action in the literal sense 
of the word. but rather reinforces the ordinary detergent action of the soap. 
Considering, for example, that in using 0.5% of a solvent soap containing 
10% solvent in 100 liters of wash liquor not more than 50 g. of solvent is 
present, it is evident that the solvents incorporated within the soap cannot 
function as “solvents” in the ordinary sense. Their function is rather to in- 
tensify the solubilization effect of the soap itself upon the fat and dirt in the 
treated material. More recent research on the solubilization effect of soap 
(Chap. XXX, 4, F), however, may prove that the value of even small percent- 
ages of solvents in the soap may be greater than anticipated in earlier publi- 
cations. 

It would be a mistake to assume the incorporation of a solvent in a soap 
to be invariably a straightforward matter. It is a question not merely of 
firmly anchoring the solvent in the soap—and even this is not so easy when 
larger proportions of solvent are to be employed—but also of securing fine 
distribution of the solvent and the soap in the wash liquor during actual 
washing procedures so as to enable the solvent to reinforce the detergent ac- 
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tion of the soap instead of rising immediately to the surface in the form of 
practically unemulsified droplets. Solvents are maintained in distribution 
within the soap with the aid of emulsifiers. Turkey red oils may be recom- 
mended for this purpose. Mixtures of 1:1 to 1:2 parts of highly concen- 
trated turkey red oil with solvents are quite easy to incorporate into soap. 
The solubility of highly concentrated turkey red oil was the subject of a paper 
by A. Davidsohn.* Many other emulsifying agents are, of course, now 
available. 

If aliphatic petroleum is used in solvent soaps it is customary to limit the 
amount to about 10 parts of petroleum per 100 parts of finished soap. Both 
petroleum soft soaps and petroleum bar soaps are known. In small percent- 
ages the petroleum is simply incorporated with the soap paste. 

Incorporation of 6-10% solvent presents no special difficulties, but it is 
always advisable to include 3-4% (calculated on the soap) of emulsifiers, 
because a good distribution of solvent in the soap and in the processing bath 
is then ensured. Solvents of the most diverse character are suitable in gen- 
eral for such products. Especially effective are oil of turpentine and related 
substances, the higher boiling hydrocarbons, chlorinated hydrocarbons, ete. 
Preparation follows exactly the same lines as for petroleum soaps. Emulsi- 
fiers are indispensable in most cases. 

A high percentage of tall oil in the fat charge promotes the incorporation 
of solvents. On the other hand, a high percentage of coconut oil or palm 
kernel oil (or their fatty acids) in the fat charge makes the incorporation of 
solvents more difficult. This is in accordance with results obtained by exact 
physico-chemical investigation on the solubilization of water insoluble hydro- 
carbons by solutions of soaps from fatty acids of varying molecular weight.’ 
With regard to the ease of solubilization of different types of solvents, the 


following generalizations can be made: polar solvents are more readily solu- 
bilized than non-polar solvents, aromatic compounds more than aliphatic, 


and branched chains more than straight. 

Some modern solvents are, in a sense, emulsifying agents themselves, 
e.g., the hydrogenated solvents: cyclohexano] (hydrogenated phenol) and 
methyleyclohexanol (hydrogenated cresol), both of which possess high sol- 
vent power for fats, oils, waxes, resins, dyes, mineral oils, highly oxidized 
fats, rubber, metallic salts of fatty and resin acids, and the like. They are 
miscible in all proportions with benzol, tetralin, decalin, oil of turpentine, 
chlorinated hydrocarbons. ete. The hydrogenated phenols are more readily 
dispersed in water because they possess free hydroxyl groups. In combina- 
tion with ordinary soaps, cyclohexanol and methyleyclohexanol develop ef- 


3a A. Davidsohn, J. Am. Oil Chem. Soc., 28, 84, 85 (1951). 
th J, W. McBain and K. E. Johnson, J. Am. Chem. Soc., 66, 9 (1944). 
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fects similar to those of turkey red oils by increasing the lime resistance of 
soap. Cyclohexanol soaps are therefore products that can be successfully 
applied in the textile industries and in laundries as spotting agents and dry 
cleaning soaps. They are of far greater importance than the petroleum soaps. 

Several formulas are now given to illustrate the ease with which liquid 
or soft paste type cyclohexanol or methylcyclohexanol sozps can be pre- 
pared with the most diverse fatty acids which at the same time fulfil all tech- 
nical requirements: 


(Ci) Biinseedino1y ee Lae TS ae Te oe OY) 500 kg. 
Cyclohexanol = 
Caustic potash (50° Bé) 
Veiga See rae 

(2) Linseed oil fatty Rea Seco : 
Methylcyclohexanol 
Caustic potash (50° Be) 
Pl a ee ee ne 

(3)glinseed@toil eee 
Methyleyclohexanol _.... 
Caustic potash (50° Bé) 
Caustic soda (36° Bé) - 
Water 


The ingredients of each batch are stirred together in a kettle heated by in- 
direct steam until a clear solution and clear solubility in water are attained, 
after which the mass is tested for alkalinity. 

As already pointed out, the hydrogenated phenols promote the union of 
fats and aqueous alkali by this method and thereby accelerate the reaction.’ 

It is also permissible to use finished soap as a starting base. A textile 
preparation is thus obtained by adding 10.5 parts cyclohexanol to a solution 
of 10 parts of Marseilles soap in 200 parts of water. 

Preparations made along the lines of the foregoing formulas possess good 
lathering power, although this is reduced on adding abnormally large propor- 
tions of cyclohexanol or methylcyclohexanol. 

Homogeneous water-soluble preparations are also obtainable when using 
other solvents such as benzene, benzol, carbon tetrachloride, tetralin, etc. in 
combination with cyclohexanol! and methylcyclohexanol. Two examples of 
satisfactory compositions are: 


GL ilinseedt ope... ee. eS eS EE Ses 184ke: 
Cyclohexanol] _ _._ tp ie ee = 215 
Caustic potash (50° Bé) we Se ae mS 7315 
Water P iS Beas See 387 
Carbon teifdehloride : : aa - | 380 


1See Seifenindustrie-Kalender, Berlin, 1927, p. 90. A. Davidsohn, Les Matieres 
grasses, Nos. 360 and 361 (1938). 
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(2) ¢Coconnteo i geen Se eee eh ae = jilliges 
(uinsecd@01l j= ee = ¢2 
Cyclohexanol se ae Cee 130 
Caustic potash (50° Bé) _ 20h ma = 
Wiatenare: ae. .eaee Reem. tH od 615 
Carbonistetrachloride, ae ee Ee. eee 120 


In the above formulas, the place of carbon tetrachloride may be taken by 
benzene and higher boiling fractions of petroleum in approximately the same 
proportion. It must be mentioned that those hydrogenated aromatic solvents 
are very effective in improving the lime stability of a soap. By replacing the 
fats and oils in these formulas by their corresponding fatty acids the manu- 
facturing process may be considerably simplified. The fatty acids are dis- 
solved in the solvents and added to the alkali—water solution with stirring 
at about 60°C. 

Another important solvent emulsifier is trimethylcyclohexanol. Less im- 
portant but still very useful for solvent soaps are tetrahydronaphthalene 
(tetralin) and decahydronaphthalene (decalin), both, as the names imply, 
being hydrogenated naphthalene derivatives. It must be mentioned that pine 
oil too, owing to its content of free hydroxyl groups, acts as a kind of com- 
bined solvent—emulsifier. 

Other solvent emulsifiers are the solvents of the Carbitol and Cellosolve 
types (see Table XX-1) and the so-called Carbowaxes (polyethylene gly- 
cols). As a matter of fact, emulsifiers of the sulfonate type built up on more 
complex structure than simple turkey red oil are valuable auxiliaries for the 
production of solvent soaps as well. There are so many emulsifying agents 
of this type on the market, that it is impossible here to select at random a few 
from a list of hundreds.? 

Very interesting observations about “blending soaps with organic sol- 
vents” were published by Palit:* 


It has been observed* that soaps, the alkali metal salts of long fatty acids, are highly 
soluble in a mixture of solvents, termed G-H mixtures. Here G stands for any glycol 
or any dihydroxylic solvent, particularly with the two hydroxyl groups in contiguous 
position, and H stands for any hydrocarbon or a solvent which can dissolve hydrocarbon, 
for example, chlorinated hydrocarbons. alcohols, ketones, etc. The mixed solvent has 
a high solvent power for soap even when the separate solvents do not dissolve it. We 
shall call this enhanced dissolving power of a mixture “co-solvency” and the individual 
solvents co-solvents. In cases where one of the co-solvents is a fairly good solvent and 
the other is practically a nonsolvent in the pure state we might call the latter a latent 
solvent or an activator, particularly if it is required in a comparatively small proportion 
to produce a large effect. 

Ordinary soaps can be dissolved in hydrocarbons by the use of glycol type com- 


2 Soap & Sanit. Chem., Aug., Sept., Oct. (1949). 
3S. R. Palit, Soap, Perfumery and Cosmetics, 19, 471 (1946). 
4S. R. Palit, J. Indian Chem. Soc., 19, 271 (1942). 
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pounds as co-solvents. Unfortunately, however, ordinary glycols are immiscible with 
hydrocarbons, and hence higher glycols or other derivatives which are fairly miscible 
with hydrocarbons must often be sought. In compounding such mixtures, the now well- 
known property of soap of bringing about a pronounced increase in the mutual solubility 
of liquids will be of help. This is particularly true as the author has observed that soaps 
profoundly increase the mutual solubility of a glycol and a hydrocarbon. For example, 
an addition of 15% sodium oleate will make benzene and propylene glycol, completely 
miscible at room temperature, forming a clear mobile fluid, although the critical solution 
temperature of the system without soap is near 80°C. If a few of the paraffinic hydrogen 
atoms in glycol could be replaced by large alkyl or aryl radicals, the resulting compounds 
might be expected to serve our purpose. In the absence of commercial availability of 
such compounds, dibutyl tartrate and diamyl tartrate, sold as nitrocellulose plasticizers, 
bid fair to satisfy the needs, since besides the two contiguous hydroxyl groups as in a 
glycol, they are miscible with hydrocarbons like benzene, cyclohexane, hexane, etc., due 
evidently to the presence of the COOR groups. Besides acting as expected from our 
theory as a powerful solvent and co-solvent for soap, these compounds have one very 
desirable property which makes them almost ideal for our purpose. These solvents have 
very little tendency to gel soaps, so that if a solution of a soap in hydrocarbon-dibutyl 
tartrate mixture is cooled, jellies are not formed, but the dissolved soap precipitates, 
usually in the crystalline state. 

The solubility of soap in dibutyl tartrate is very high, and it is greatly increased by 
the presence of small proportions of hydrocarbons or chlorinated hydrocarbons. Thus, 
100 g. of dibutyl tartrate dissolves 41.3 g. of sodium oleate at 25°C. and an addition of 
about 20% of chloroform, benzene, amyl alcohol or any H-solvent increases the solubility 
by 10 to 30%. A very useful property of such solutions is that they can be diluted with 
light petroleum fractions without precipitation of the soap. Hence, to prepare oil sol- 
uble commercial soap, particularly castile soap, is dissolved in dibutyl tartrate containing 
20% benzene or trichloroethylene. In this way, a 30% solution of soap is easily pre- 
pared. 

The same stock solution of soap can be used for dry cleaning, since this stock solu- 
tion can be diluted by dry cleaning fluids, like Stoddard solvent, without precipitation of 
soap. Such solutions have been found to have good detergent power. 

The use of combinations of synthetic detergents with solvents has recently found 
entry in many fields of industry.4# Many non-ionic detergents strongly promote the for- 
mation of stable one-phase structures of solvents with soaps or anionic detergents. The 
use of addition of non-ionic detergents is recommended in cases where difficulties in in- 
corporating solvents into soaps arise. 


(B) Dry Creanrne Soaps 


A special kind of solvent soap are the dry cleaning soaps, which act as 
detergents, not in aqueous solution, but in the solvent used for dry cleaning. 
Ordinary solvent soaps cannot be used for dry cleaning because they are 

not soluble in the solvents commonly used for this purpose, and it is there- 
fore necessary to produce a soap which is soluble, or at least dispersible, in 
cleaning naphthas. The solubility of the soap body is generally attained by 
leaving a large excess of fatty acids, and producing an acid soap. Used as 
saponifying agents are caustic soda, caustic potash, sodium carbonate, potas- 


48 A. Davidsohn, Soap, Perfumery and Cosmetics, 25, 724 (1952). 
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sium carbonate, ammonia, and organic bases such as triethanolamine. Small 
amounts of alkaline earth salts, such as MgCO;, are sometimes used to form 
soaps having antistatic properties. 

The manufacture of dry cleaning soaps consists of heating the fatty acids 
(neutral fats are seldom used) with the solvent or solvent mixture in a suit- 
able vessel, and adding the saponifying agents, stirring well, and taking care 
to leave an excess of fatty acids. Depending on the composition, dry clean- 
ing soap may be liquid or of pasty consistency; solid dry cleaning soaps are 
rare, containing, as they do, little solvent, and are therefore less soluble in 
the solvent. 

The following examples demonstrate the composition of a number of dry 
cleaning soaps: 


A. 35.0 parts oleic acid 
8.0 parts stearin 
7.0 parts caustic potash (calc. as 100%) 
0.5 parts ammonia solution (25%) 
10.0 parts water 
40.0 parts benzene 


The mode of preparation is as follows: 


The stearic acid is dissolved in the oleic acid and the benzene added and heated to 
near boiling point of the solvent. To it is added the caustic potash dissolved in the 
water, with careful stirring. Finally, the ammonia is added. 

B. 20.0 parts soft soap 

2.0 parts oleic acid 
are dissolved in: 
40.0 parts water 
10.0 parts alcohol 
To this solution is added: 
20.0 parts tetrachloroethane or trichloroethylene. 


(This soap is suitable for chlorinated hydrocarbon solvents.) 


C. 50.0 parts oleic acid 
40.0 parts alcohol 
are dissolved and carefully mixed at 60°C. with 6-7 parts of a 25% ammonia solution. 


This soap can be dissolved in a suitable solvent, as, for example, cyclo- 
hexanol, which renders it more easily soluble in Stoddard solvent, etc., al- 
though it can also be marketed without the solvent. 


D. 100 parts oleic acid 
100 parts butyl Cellosolve 
25 parts cleaner’s naphtha 
are heated to 60°C. To this solution is added a mixture of 20.5 parts of triethanolamine, 
8 parts of caustic potash (calc. as 100%), and 13 parts of water. 
E-F. Further formulas for dry cleaning soaps are:® 


5 Emulsions, 7th ed., Carbide and Carbon Chemicals Corporation, New York, 1946, 
pp. 66-68. 
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Per cent of oleic acid saponified 


Constituent 


80% 90% 
Oleic jacid” == eas a 5 107 Ib. 107 Ib. 
Cleaner’s naphtha : Paes £ = 2 25 
Butyl*Gellosolyes= a eee ee oe 27 27 
Toniginer@ arta 21 -- 
Monoethanolamine —_ oe ee 10.5 
Potassium hydroxide (100% basis) Be 8.8 9.5 
Water San ee ee ee 13.5 13.5 


l. Heat the oleic acid, butyl Cellosolve, and naphtha to 140°F. Avoid an open flame. 

2. In a separate container, dissolve the potassium hydroxide in the water and add the 
amine. 

3. Then stir the water solution into the oleic acid solution. 

4. Continue stirring for about 30 minutes to permit all of the potassium hydroxide 
to react. The solution should be clear. 


Mixed isopropanolamine may be used to replace triethanolamine in these 
formulas to produce greater oil solubility. 

These soaps are soluble in naphtha in all proportions and, being more 
completely saponified than the usual dry cleaning soap, they are more con- 
centrated and less is needed in the solvent. Butyl Cellosolve is a particularly 
effective coupling agent for dry cleaning soaps and allows the addition of wa- 
ter, a necessity for good detergent action. It also assists in removing food 
stains and other water-soluble spots, and aids in brightening the colors of 
the garments being cleaned. In fact, one important function of a dry clean- 
ing soap is to absorb the moisture from the textile surface and permit in i- 
mate solvent contact, as discussed below. Here is another formula: 


G. Butyl Cellosolve —__ se dese ong ee - 25 lbs. 
Oleic#acid fee = Aare we: eee Bee 5 ie NOS 
Sicria@ Saigo ee. eee: es ae ss 12 
Triethanolamine —_ sn WO, See Noes © Revove SELON) 
Potassium hydroxide —..... Pe Eee) (0) 
Wie (a Ee ae ee a 10 


This dry cleaning soap is a thin paste and is suggested as a scrubbing 
and spotting soap. A more viscous paste may be obtained by increasing the 
stearic acid content and decreasing the oleic acid content by the same amount. 
The soap is completely soluble in naphtha. 

Soaps boiled on similar principles as dry cleaning soaps are the rug 
cleaning soaps: 


H. Oleic acid —_ ae 
Ethylene dichloride 
Isopropanol, 99% 
Butyl Cellosolve 
Triethanolamine mi as 
WaT Cig, ee wanna es SAO ee ere _ see 
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1. Mix the oleic acid, ethylene dichloride, isopropanol, and butyl Cellosolve, and add 
the amine. 

2. Stir until thoroughly mixed and add the water. If the mixture is cloudy, add suf- 
ficient isopropanol to clear it. 

3. Use an emulsion made of equal volumes of the soap and water for cleaning rugs 
and carpets. 


Adequate ventilation should be provided, and special care should be taken 
to avoid inhaling vapor and repeated contact with the skin whenever chlo- 
rinated solvents are used. 

What are the demands made on a good dry cleaning soap? They are 
especially exacting for a soap used when the solvent in the dry cleaning proc- 
ess is subsequently recovered by filtration. Not only must the soap be easily 
soluble in the solvent without separation, but also it should not form a gelati- 
nous deposit that would obstruct the filter after a short period and prevent 
any further recovery of the solvent. When using the distillation method of 
recovery this factor is not so important, but in any case these demands should 
be kept in mind. 

The effectiveness of the dry cleaning soap as a soap should be exceptional, 
i.e., dirt should be dissolved or dispersed and the material prepared for pene- 
tration of the solvent; also, water should be well bound. An important factor 
is whether the laundry concerned uses petroleum solvents or chlorinated 
hydrocarbons in the dry cleaning process. When they are used as the main 
solvent or as an addition, such solvents should also be used in the manufac- 
ture of the dry cleaning soaps. Jt would not be correct at this point to pass 
on to a new subject without mentioning the importance of synthetic detergent 
materials available for use as dry cleaning and solvent soaps, e.g., the tri- 
ethanolamine salt of a sulfated lauryl alcohol. These materials® are becoming 
very important in this field because of their good solvent and detergent prop- 
erties.** To this class we must add the pure emulsifiers used with or without 
additional detergent aid to bind moisture and make solvent-to-textile contact 
more thorough. Some of these emulsifiers, such as the polyethylene oxide 
condensates of fatty acids, are designed for use on specified solvent cleaners. 

Fabry’ has enumerated the following prime requisites for a dry cleaning 
soap: (1) stability in composition; (2) no objectionable odors in the soap 
itself, nor should the soap contribute any odors to the garments; (3) the soap 
should cause a minimum amount of pressure in the filter and not corrode the 
equipment; (4) it should increase the electrical conductivity of the solvent, 
or be an antistatic agent; (5) it should possess a high degree of both inert 
insoluble soil and water-soluble soil rcmoval power; (6) it should not dis- 
color the solvent; (7) it should produce a minimum amount of foam. Foam 
is not desirable in the dry cleaning process, particularly where solvent is re- 
covered by distillation means. 


6 And many other types of synthetic detergents. 
7 A. Fabry, Soap, 22, No. 7, 49 (1946). 
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U.S. National Bureau of Standards specification for a “Stoddard sol- 
vent,” widely used in dry cleaning, is as follows: (a) appearance shall be clear 
and free from susupended matter and undissolved water; (b) color shall be 
water white or not darker than 2i by the Saybolt chromatometer; (c) odor 
shall be sweet; (d) flash point not lower than 100°F.; (e) corrosion test: 
a clean copper strip shall show not more than an extremely slight discolora- 
tion, when submerged in solvent for three hours at 212°F.; (f) distillation 
range: not less than 50% at 350°F.; the dry or end point not above 410°F.; 
no tolerance shall be allowed above 410°F.; (g) acidity: the residue alter 
distillation shall not show acid reaction; (h) doctor test shall be negative. 
(é) sulfuric acid absorption test: not more than 5% of solvent absorbed by 
sulfuric acid (sp. gr. 1.835). 

Other solvents used both as prime solvents in dry cleaning and as solvents 
for the manufacture of solvent soaps and dry cleaning soaps, are listed in 
Table XX-1,° with their more important characteristics. 


(C) Tue Toxiciry or SOLVENTS 


The classification of solvents on the basis of their toxicity, according to 
Brandt et al.,° is as follows: 

1. Aromatics. These materials are very toxic. The common ones have 
the maximum allowable concentration of 50 to 200 p.p.m. in air. Examples 
are benzene, toluene, and xylene. 

2. Halogenated Hydrocarbons. These also are very toxic. Most of those 
encountered in the group of solvents used for dry cleaning, etc., fall into a 
maximum allowable concentration in the range of 50 to 200 p.p.m. Examples 
are carbon tetrachloride, trichloroethylene, and dichlorobenzene. 

3. Alcohols, Esters, Ethers, and Ketones. These chemical groups are 
less toxic than groups 1 and 2. Most of those encountered fall into a maxi- 
mum allowable concentration toxicity range of 200 to 400 p.p.m. Examples 
are acetone, methyl ethyl ketone, the alcohols, and the acetates. 

4. Paraffins and Naphthenes. This group is not particularly toxic. It 
includes materials such as gasoline, Stoddard solvent, petroleum naphtha, 
ete. The maximum allowable concentration for these range from 500 to 
1000 p.p.m. 

With regard to the effect of solvents on the skin, we want to point out 
that, in principle, the aromatic solvents and the chlorinated hydrocarbons are 
more irritating than the solvents of groups 3 and 4, but generally, solvents 
may cause dermatitis very easily. In any case, small dosages of solvent 


8 The table is a modified and adapted version of tables published in Ind. Eng. Chem., 
27, 1169-1179 (1935). 

9A. D. Brandt, W. J. McConnell, and R. H. Flinn, U. S. Public Health Reports, 61, 
132-143 (1946). 
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TABLE XX-1 
Boiling range 
mane Flash Vapor 
; = a press., 
No. Compound Formula wt. Init. End Re 30°C., 
Dep pt: ‘mm. Hg 
SO ee  G, 
HYDROCARBONS 
1 Benzene CoHo 78 81 Ee 
2 Toluene CoH: 109 111 = a 138 
3 Xylene Coa (CHs)2 127 169 80 11 
_ 4 Hi-Flash naphtha .: 149 198 115 — 
5 V. M. & PB. naphtha eeeye) 105 155 < 60 — 
6 Mineral spirits etaneletahs! 152 207 > 100 — 
7 Cyclohexane Cs : 80 83 < 6.5 121 
8 Tetrahydronanhthalene (Tetralin) Ciatts dan aes cem Ceotnosnoce UEP Url ely 2a 180 <1 
9 Decahydronaphthalene (Decalin) CiHiw ...... GEE ca eee . 188.14 186 194 145 2 
NAVAL STORES SOLVENTS 
10 Gum spirits of turpentine ened siiavaletial-uacuiehelakenereneiete caou — 154 201 110 
hie Steam aistilledsiurpentine $§§ ~“Gansjn.sceietmeaenie noice — 155 178 115 - 
12 Dipentene CH) (Cs¥Is) Cl (CH) 37 ae ae 136.18 172 200 145 2 
OMEICECOSO IMs Mmm A ue i | LCs crvcYin tess orien o Mee oes :- 1760 = 262 150 
alek eave" ool © i cerca ra ae cits c foo ocomeeu son — 99 226 185 -—— 
GPPELOHSVEpINer OM: uw eg tinssaneueueunlsecouensin eyece heen aler == 211 219 200 - 
16 Fenchone (CHICO se... 152.13 190 210 160_ 2 
CHLORINATEN COMPOUNDS 
17 Ethylene dichloride CICHECHECIM Int. ee 98.95 82 84 70 94 
18 Monochlorobenzene Ee ise wcerens pacdsoeapoaoo 112.50 130 134 95 15 
19 Orthodichlorobenzene GCE @ lant fy secre cemeta Bh over l 146.95 177 180 175 3 
20 Dichloroethyl ether CICESCECOCEGCERGIN. ao.20 142.98 172 178 178 2 
21 Trichloroethylene CHCrIECE Se. igen ee 131.4 85 87 Nonflam, 56 at 
20° 
22 Carbon tetrachloride COW ...cseske es sae odo 8 78 77 77 Nonflam. 90.6 at 
20° 
ALCOHOLS 
23 Methanal (anhydrous) CERIO? eae oe ee 32.03 fa 66 2 160 
24 Ethanol (anhydrous) COMINETONEL Ate seen en, een es 46.05 q7 79 65 78 
25 Isopropanol (anhydraus) (CHYCCHOHME ce cee neste 60.06 82 83 H7 60 
26 sec-Butanol CHriCHsGHOH Gar jee. 2... 6 74.08 96 108 8&8 26 
27 Isobutanol ies oo osetia aot 74.18 107 tii 11 17 
QSL | nn LC O18 Wl SGIS 6a. ce coo er ceed 74.08 116 119 411 1 
29 sec-Amy! alcohol (CHCH) CHO LO a SS IeOSES) «= 88.09 117 124 110 12 
30 Amyl alcohol (mixed isomers) CRE OEM ctor ei cue 88.09 121 139 111 -~ 
31 Methyl amyl alcohol (CHs):CHCH2CH(CH:i)OH .. 102.41 181 132 114 6 
82 Hexyl (2-ethylbutyl) alcohol CH:CH:2CH (C2Hs) CH:0H 102.11 144 156 145 a 
38 Octyl (2-ethylhexyl) aleohol CsHeCH(C2Hs)CH20H ...... 130.14 182 201 #78 <1 
84 Cyclohexanol CsHn0OH JUODO-0 Cat CMOS - 100.09 150 182 170 2 
85 Methylcyclohexanol CH Col 0H on) POU EN ote rie 14.18 170 180 159.4 1 (20°) 
ETHER ALCOHOLS © s 
HG Methyl! Cellosolve CiUs0CH2CH:0IL Siayeite  <leleiede 76.06 121 126 195 a2 
87 Cellosolve* C2H:OCH:CH20H Sonoage 90.08 1383 187, 111 7 
88 Tsoprapyl Cellosolve (CHs):CHOCH:CH:OH 1111): 104.99 140 143 125 8 
89 Butyl Cellosolve C:H.OCH:CH20H Ptessisjep LU eo sy 172 165 p. 
40 Methyl Carbitol CHnOCH:CH:OCHLCH2OH |! 120.09 190 194 200 <1 
41 Carbitol* C2H;0CH:CH20CH:CH20H 134.11 189 203 205 <1 
42 Butyl Carbitol C:H,0CH:C H20CH2CH20H 162514 220) 287 2380 <7 
43 Benzyl Cellosolve _ CoHiCH2OCH2CH20H_....... 152.09 254 258 265 <1 
ESTERS 
44 Ethyl acetate GHIGOOGSHAE Tens cee e 88.06 70 80 85 121 
45 n-propyl acetate CHCOOCHICH)2. awcccseen TOSS 84 94 35 74 
46 Isopropyl acetate CH:COOCH a Gres .cakee. | SLORIOR 82 90 45 — 
47 Ethyl propionate CH:CHeCO Eseicte HOeOS 9a 118 70 43 
48 sec-Butyl acetate CH;:COO0OCH (oH) (C2H:) 116.09 105 127 88 29 
49 Tsohutyl acetate CEO OG Fae a Crraya Dieierersrere tidied) 9) immed aie 118 RR Prd 
50 mn-Butyl acetate (Marista rinaG. © Saar ay coroeen » 116,09 119 127 88 16 
hl sec-Amy] acetate CH;COOCH (CHs) (cat) cere dees Oeulilh eeaiat 144 111 10 
52 Amyl acetate (mixed isomers) folaito(nyore ak sep noooonod a6 180.11 127 155 algal 9 
53 Cellosolve acetate C:H-OCH:CH:00CCHs goscommlSPLOS | et) 144 122 3 
4 Bntvl Cellosalve acetate Cin OCHRCH: OOC@Ha ene: 160.12 188 192 180 <1 
55 Methyl Carbitol acetate CH:0CH:CH20CH2CH200CCHa 162.11 208 ly 180 ae 
5@ Carhitel acetate C2H-OCH2CH:0CH2CH200CCHs 176.12 211 220 225 <i 
57 Butyl Carbitol acetate CsHsOCH»CH20CH2CH200CCHs 204.16 236 249 260 <n 
POLYETHERS 
A& Diethyl Cellnsalve CoH-OCH:CH:0C2H;s ae aU (onc as IG ee) 128 a0 22 
89 Diethy! Carbitol C2H;0CH:CH.OCH:CH20C> 162.14 181 189 170 1 


* Trade name. 
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TABLE XX-1 (continued) 
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ers 6 Solubility 
Wt./ oe eae feria Dilution ratio by wt., 
Sp. gr., alien Mines eo ecomns ADOC, 
20°C.’ 20°C. Sose! 10-B0eG, Prod. Petrol. 
] % Toluene naphtha Xylene Bes wit? 
HYDROCARBONS 

il 0.878 7.81 1.5014 0.00124 - 0.19 Insol 
@ 0.866 7.21 1.4962 0.00107 0.05 Insol 
3 0.862 Tests — 0.00099 == = V.8.5. Insol 
4 0.860 foals) 0.00094 — - — V.8.8 Insol, 
a 0.763 6.36 — 0.00098 —- — — —— V.S.8 Insol 
a 0.769 6.40 -- 0.00098 — — — V.8 Insol 
7 0.779 6.48 1.4273 0.00108 oa - —_ V.E Insol 
8 0.972 8.09 1.5461 0.000838 — — — — S Insol 

2 0.885 7.37 _ 0.00088 —_ ~ V.S.8 Insol. 

=—= NAVAL STORES SOLVENTS =) 

__10 0.868 7.22 — 0.00090 : Insol 
11 0.857 jain == 0.00089 Insol 
ae 0.853 7.10 1.473 0.00086 Insol 
13 0.912 7.59 —_— 000838 _ 0.4 0.1 — Ingsol 
14 .925-0.985 ee — 0.00066 —_— = = aby 
15 .937—0.942 7.8 - 0.00085 — == == 2.4 
16 0.948 7.89 1.4647 0.00088 = — 2.9 0.5 

CHLORINATED COMPOUNDS 
1.256 10.45 1444 0.00116 99 = = — 0.87 0.16 
1.108 9.22 1.525 0.00092 99 == = V.S.8. Inso] 
1.308 10.88 1.549 0.00083 99 = - V.S.8. Ingo] 
1999 10.17 1.457 0.00097 _—99 : - 1.02 0.1 
1.470 12.25 1.481 — —_ a 
1.594 13.28 1.463 0.001236 — , 
zs a = | 0.08 _- 
__ALCOHOLS | = _ 
0.793 6.60 1.829 0.00118 99 2.5 0.3 co [ee] 
7 0.791 6.58 1.361 0.00108 99 SE — = oo ee) 
0.786 4.54 1.3776 0.00107 99 = = _ co co 
0.808 6.72 1.397 0.00091 99 — 12.5 44.1 
0.808 6.68 1.396 0.000988 99 —_ 10 16.9 
0.811 6.75 1,3974 0.00094 99 == 8.0 19.5 
0.810 6.74 — 0.00088 95 — 0.13 _ _9.87 
0.814 6.77 — 0.00093 99 0.09 8.98 
0.807 6.72 1.4087 0.00100 99 = = = 1.73. 6.87 
0.883 4.93 1.4229 0.00089 99 = = = 0.63 4.56 
0,834 4.94 1.4200 4.00088 99 —_ = = 0.06 2.48 
0.981 7.92 1.4656 0.00077 a4 = + = 0.18 11.78 
0.922 7.75 1.4685 V.8.8: = 
ETHER ALCOHOLS : 
0.966 8.04 1.4028 0.00094 99 4.0 Imm. 2.9 a0 a0 
0.931 7.75 1.4080 0.00097 99 4.9 = 55] 4.3 ioe) es) 
0 906 7.53 —- 0.00093 az 4.3 1.6 3.8 co co 
0.902 7.50 1.4190 0.00087 99 3.5 2.3 3.2 co co 
1.085 862 1.4244 0.00087 19 oom eo) 
1.027 8.55 — 0.00082 1.2 co foe) 
0.955 7.95 1.4290 0.00087 96 = — 42 co a 
1.070 8.90 _ 0.00076 a9 — 3.0 0.4 18.1 
ESTERS y 
0.886 7.387 1.38727 0.00134 85 3.3 i | Si) 6.92 11.01 
0.870 7.23 1.3770 0.00132 95 an leat — 2.58 2.86 
0.857 7.13 — 0.00119 85 3:0) 5) = 2.78 5.58 
0.891 7.41 1.8844 0.90125 94 Beall 0.8 —- 1.92 UL eae 
0.858 7.14 1.889 0.00118 82 2.2 1.2 —_ — 0.82 1.65 
0.870 7.24 1.2997 0.00119 96 BET Tt - ~- 0.67 1.64 
0.876 7.29 1.39h1 0.00117 90 2.9 1.3 ant jes 0.43 1.86 
0.862 7.18 — 0.00114 92 2.2 1.0 240) 0.6 0.19 0.88 
0.862 alee —_ 0.00104 84 eal a4 -—- — 0.17 ala 
0.974 8.10 14030 400111 96 205 Or ors hits 24.7 9.4 
0.943 7.85 — a.ge104 939 — -- 1.9 7D) 0.9 1.9 
1.040 8.65 oe 0.00099 Gu) — -— 1.4 0.8 oo oo 
1.011 8.41 1.4230 0.00101 97 —_— - 1.9 0.6 foe] ica) 
0.987 8.21 — 0.00094 99 — = 1.8 0.6 1.6 3.4 
POLYETHERS 
0.849 7.07 —_— 0.00120 95 — — 0.4 2.16 4.48 
0.909 7.56 — 0.00106 99 = ae 1.4 co (ee) 
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fumes taken repeatedly over a long period of time can lead to serious poison- 
ing effects and should be avoided at all costs. The effects can be cumulative. 
Absorption by the skin is dangerous as well, aside from the effect of der- 
matitis. 


(2) Textile Soaps 


Soaps and soaplike assistants for the textile industries represent an enor- 
mous field in themselves, for each special soap for the different textiles and 
stages in textile processing has an individual character. It is beyond the 
scope of this book to deal with modern “nonsoap” detergents and textile as- 
sistants that are used in the textile industry today. Still, soap is one of the 
most important detergents for the textile industry, and it is estimated that in 
America today, even with the synthetics thoroughly entrenched in the textile 
field, soap still commands over 50% of the business by volume of pounds 
consumed, 

Many different soaps and soap preparations represent a field wide enough 
to warrant careful consideration by any progressive soapmaker who wants to 
widen his market. 

Ordinary textile soaps without the addition of solvents, are prepared in 
the usual manner by saponification of fats or fatty acids with alkalies. In 
the case of wool, special soaps are used for washing the raw wool to remove 
the crude woo] fat. Soda soaps as well as the potash soaps are effective for 
this purpose (the latter chiefly for finer counts of wool). The detergent 
power of the soaps is frequently improved by addition of soda, ammonia, or 
other alkaline soap builders. But it would be better to deliver soap to the 
user free of all such ingredients, which could be subsequently added as re- 
quired in the appropriate amounts. 

As a matter of fact, soap has the handicap of forming lime and magnesia 
soaps in hard water, and it is thus of great importance to use soft water in all 
textile processes employing soap. Also, soap hydrolyzes in water, forming 
free alkalinity and fatty acids and/or acid soaps. This hydrolysis of soap 
has its effect on the textile fiber, and it is the textile fiber itself which deter- 
mines to a great extent the action of the soap.’° 


When soap splits up in water into alkali and fatty acid, the wool absorbs more alkali 
than acid and so becomes alkaline even from a neutral soap. Removal of the alkali 
leaves free fatty acid, so that the bath becomes charged with acid soap which is de- 
posited on the wool; this effect is greater in dilute solutions as there is less soap available 


for the removal of the fatty deposit. This absorption of alkali from soap solutions is such 
that wool may “kill” a soap solution, and for this reason it is customary to employ small 
amounts of alkali with soap for certain purposes. 


10J, T. Marsh, An Introduction to Textile Bleaching, Chapman & Hall, London, 
1946, p. 132. 
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This quotation from Marsh shows clearly the problem of using soaps in 
the textile industry with regard to alkalinity. But it is exaggerated when he 
states that “excessive amounts of alkali, however, will precipitate soap.” 
Such a surplus is practically never reached in textile scouring and even tex- 
tile “kiering.” 

Of some of the main textile treatments where soaps find application,’ the 
scouring process of cotton should be mentioned. Cotton is a fiber that is very 
resistant to alkalies and the soaps used for the scouring process are used in 
strong alkaline wash liquors. These soaps are very often alkaline themselves, 
i.e., they may have a high percentage of free alkali. The alkalinity of the 
scouring liquors in the kiering process may be from 2-3 Tw. NaOH (0.9- 
1.35%) for lightweight fabrics. Temperatures may be as high as 100—-125°C. 
and pressure may be used as well. The soaps used in these processes are 
either rosin soap or soap of the Marseille type. Very often, solvent soaps 
containing cyclohexanol, hexalin, methylcyclohexanol, methylhexalin, 
tetrahydronaphthalene (tetralin), and decahydronaphthalene (decalin) as 
well as pine oil are used—these have been described in Section 1, A, on sol- 
vent soaps. These solvent soaps have a certain dispersing power for lime 
soaps as well, so that they are especially suited for kiering in hard water. 

Scouring of wool to free it from fat and wax is a process which must be 
carried out under mild conditions. Alkalinity must be low, and temperatures 
are usually between 40 and 50°C. The principles for the choice of a suitable 
soap are clearly described by Marsh.” 

The exact neutrality of a soap for scouring, as distinct from milling, is sometimes 
over-stressed in considering raw wool; small quantities of alkali have beneficial effects 
on the scour, but it is important that no free alkali should be left in the wool at the con- 
clusion of the scour. The very dilute nature of the scouring liquor also provides a safe- 
guard in itself. 

It is frequently assumed that the best soap for scouring is a potash-olive oil soap 
but some cheaper alternatives are available. The hardness or softness of a soap is not 
solely decided by its alkali constituent: the fatty acid also plays its role. Palmitic and 
stearic acids are solids at ordinary temperatures and their soaps are not very soluble in 
cold water and tend to gelatinize. Oleic acid, on the other hand, is liquid at room tem- 
peratures and yields soaps which are very soluble and do not gelatinize. The harder 
soaps are more difficult to remove from the wool and their residues tend to give a harsh 
feel to the scoured material. A satisfactory substitute for the potash-olive oil soap is a 
soda soap made from olein which is free from the solid fatty acids and sufficiently free 
from stearine in particular to have a low melting-point; this may be tested in a simple 
manner by observing the tendency to gelatinize on cooling the soap solution or, alterna- 
tively, by precipitating the fatty acid from the soap and observing the melting-point 
which should not exceed 27 to 30°C. 

Part of the detergent action of soap is due to the reduction of the interfacial tension 

11 J. Davidsohn and A. Davidsohn, Soap, Perfumery, and Cosmetics, 12, 417-420 
(1939). 

12 J, T. Marsh, oc. cit., p. 305. 
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between the scouring liquor and the wool grease; the surface tension effect increases 
rapidly with concentration up to 0.4% after which there is little further improvement. 
A second factor is the stabilizing effect due to its action as a protective colloid, and this 
is at a maximum around 0.2 to 0.3%. It would appear, therefore, that there is no ad- 
vantage in exceeding a concentration of 0.4% soap; actually 0.7% soap is frequently 
used in the first bowl. 


As soap hydrolyzes in aqueous solution,!% the wool fiber tends to absorb 
alkali preferentially from the washing liquor, besides, wool grease is slightly 
acid itself and the washing liquor will tend to become acid. This is very 
often corrected during the scouring process itself, e.g., by adding about 
0.25% sodium carbonate to the wash liquor. As already pointed out wool is 
susceptible to alkali and the conditions of alkalinity must be carefully con- 
trolled. But the danger is very small: 

With the very dilute solutions employed in wool scouring there is less risk of dam- 
age; sodium carbonate in solution up to 5% concentration gave no appreciable tendering 
in one hour at 50°C. Strong solutions of soap have tendering actions equal to that of 
about one-fifth of the equivalent of caustic soda, and appreciable tendering is produced 
in an hour at 50°C. by either 1.5% sodium oleate or 0.04% sodium hydroxide. An av- 
erage concentration of 0.5% soap, as commonly employed, is well below these figures, and 
even a soap containing 4% of alkali will not produce tendering provided it is neutralized 
before the wool is dried. Sodium carbonate, of course, is safer than the hydroxide which 
is completely ionized in aqueous solution at room temperatures. 

Usually, wool scouring soaps may be soft soaps of the transparent fig or 
silver type. A description is unnecessary here, since these soaps are already 
described in detail in Chapter XIX. But low titer hard soap (e.g., flakes) is 
often used as well. The use of sodium tetraphosphate, Na,P.O.3, in a per- 
centage of about 10% calculated on the soap used has given excellent results. 
The amount of soap saved by preventing lime soap precipitation was about 
25%.1* The scouring effect is especially good and the strength of the wool 
fiber is less impaired. 

The process in which soap is used extensively is the so-called milling or 
felting process for wool, which brings about the felting of the wool fabric. 
The main process employed is the alkaline milling process. (In the acid 
milling process no soap can be used.) At a pH of about 10, felting of wool is 
the most rapid and with soap and alkaline soap builders the process may be 
carried out most effectively at temperatures of about 35-40°C. Soap milling 
is probably the most common type of milling and takes place on fabrics which 
have already been scoured to some extent; 5 to 10% of soap is required, de- 
pending on the extent of milling. 

The titer of the fatstock used is of great importance for milling soaps. A 
high titer soap encourages felting and the soap does not “run” during the 

13 J, T. Marsh, loc. cit., pp. 305-307. 


14 A. H. Razee, Textile World, 95, No. 9, 155-157, 230-234; No. 10, 120-123, 215- 
224 (1945). 
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TABLE XX-2 


Constituent Good Medium Cheap 
Tallow x : _ 47 31 25 
Palme oil ae ll 10 8 
NaCOs (66 Tw.) _.__. rs. 6 9 i) 
INGOR (G6) I) HT 26 25 
Silicate meee eee yin. ae —_ 9 17 
Starch _ a eee ey a —_ i 
Water : ae = 5 15 13 
Total = Sd ee ease 3 _ 100 100 100 


milling process, But as temperatures are usually moderate this “hardness” 
of the soap is very often overestimated. A compromise must be found be- 
tween good solubility even in colder water, good rinsability, and harder struc- 
ture of the fatstock. Often synthetic detergents are used in conjunction with 
soap. 

Some compositions of milling or felting soaps are given in Table XX-2."° 
As the amount of sodium silicate increases, the ease of rinsability decreases. 
Other examples, according to older German specifications, are given in Table 


XX-3. 


TABLE XX-3 
NEUTRAL FULLING SOAPS 
Hard Soaps 
Toba fatiygta Cid 6 oe Saree ans oN elt eR EE, _ Min, 60.0% 
Free alkali, cale. as NaOH Max. 0.1 
Unsaponifiable and unsaponified fat Max. 1.5 
Alkali carbonate, calc. as NasCO, _ Max. 0.5 
Insol. in alcohol - Max. 2.0 
Soft Soaps 
Total fatty acid hydrate content 7. _. "Mant 40.0 
Free alkali, cale. as KOH pea. lane = a _AaE EE Max. 0.15 
Unsaponifiable and saponifiable fat eon Max. ies) 
Alkali carbonate calc. as K2,COQ, Max. 2.0 
Insol. in alcohol — Renae 1 Rusted ee Max. 4.0 
ALKALINE FULLING SOAPS 
Hard Soaps 
Total fatty acid hydrate content... —_.. 60.0% 
Free alkali, calc. as NaOH is) 
Unsaponifiable and unsaponified fat deena eia 1.5 
Alkali carbonate calc. as NasCO, —...-_._-_ 3.0 
Soft Soaps 
Total fatty acid hydrate content _ . Min. 40.0 
hreegal calimcall come Sic) Elisa es ee oe etd Max. 15 
Unesponifiable and wnsanonifed fat = ~~ Max. L5 
Allkaligcarbonsatesmcalcn as) NG G@)smeme same oes eee Max. 5.0 


15 Dyer, 90, 210 (1943). 
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Typical formulas are given by Grant:"* 


A good grade of soap is made with the following ingredients: 


Grease or tallow .....- SO nD rode ese 535 Ibs. 
Te yeti BO or ee eS Mig 
Heat these to 118°F. Then add: 
Caustic soda lye (36° Bé) —. eS ee ae Pee 360 Ibs. 
Soda ash solution (33° Bé or over) - See 75 Ibs. 
Water oe ee ee Bee Be Obs: 
The following ingredients will make a slightly cheaper grade of fulling soap: 
Grease or tallow _ Sunes ee ghee bn pe See 400i bsy 
Palmore —_— E ee eee P00) yey 
Heat these to 110°F., Then add: 
Caustic soda lye (36° Bé) 0... ic: Be ee 8835 1bsi 
Soda ash solution (33° Bé or over) eee ee DOD Ss: 
Vater eee = ae _ ey Ree; ee a 170 lbs. 
A fair grade of fulling soap will result if the following ingredients are used: 
Grease or tallow... sexe I ee soils: 
Palm voll oe serec Seereneeres? ieee Bs, ee tose ae 125 lbs. 
Heat to 110°F. Then add: 
Caustic lye (36° Be) zone see es fe ee BSilbellbss 
Silicate of soda ..... i sb : se _..- 100 Ibs. 
Soda ash solution (33° Bé or over) — peers _..-. 100 Ibs. 
Water ....... = i ye ee : x 170 lbs. 
The ingredients stated below will give a cheap fulling soap: 
Tallow or grease ..._....-. : oe es Dewees 300 lbs. 
Palm oil _.... eee ke a i. Bees. —. see 100 ibs. 
Warm until liquid, but keep it cool. Then add: 
Caustic soda lye (36° Bé) eens... | 300 Ibs. 
Ste atGuto 1180 Cl pap eres pee ne a. . 200 ibs. 
Soda ash solution (33° Bé or over) Hes ee 130 lbs. 
Water ‘ = reece ny. Seat 2 be on _. .. 160 Ibs. 
Starch : : nS a . 10lbs. 


These soaps are prepared by the semiwarm process. It must be pointed 
out that they may be prepared from the same fatstock as fully boiled and 
grained-out soaps. A special variety of fulling soap is the solid potash soap 
containing up to 50% total fatty acids. This is generally an alkaline prod- 
uct (0.59% KOH as a rulc). 

Fats used in these soaps are divided into those giving high viscosity, and 
those giving low viscosity solutions. Examples of the former are: 837% bone 
fat, 17% coconut oil fatty acids, or 68% bone fat, 17% palm oil, and 15% 


16 F, L, Grant, Soap, Perfumery & Cosmetics Year Book, London, 1936, pp. 114-116. 
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palm kernel oil. Fat mixtures of the second class may comprise 50% bone 
fat, 23% palm oil, 12% lard, and 15% lower grade coconut oil; or 40% 
bone fat, 30% palm oil, 13% lard, and 17% palm kernel oil. Strong lye is 
used in preparing the soap, because a high percentage product is intended. 
(The soap yield amounts to roughly 200% calculated on the raw fats, as com- 
pared with 250% for an ordinary soft soap.) A proportion of approximately 
30 kg. of potassium carbonate is allowed for each 100 kg. of 50° Be KOH. 

These soaps are usually prepared by the semiboiled process. Their con- 
sistency may be improved by additions of potassium salts. Unfortunately, 
the cheap inorganic potassium salts such as potassium chloride and potas- 
sium carbonate are less suitable than more expensive organic potassium salts 
(lactates, acetates, and formates). But an addition of only 1% potassium 
formate has a very good effect on the soap, so the price of this salt is not so 
very important. The solid potassium soaps are usually transparent; they 
have an excellent foam and detergent quality; they are easily soluble; but 
they are somewhat hygroscopic and are best packaged to prevent absorption 
of water from the air. 

In many ways the solid potassium soaps represent the compromise men- 
tioned above between solubility in moderately warm or even cold water, rinsa- 
bility, and hard structure of the fatstock. 

It must be mentioned that, especially in texile processes, where some soap 
may remain in the fiber, the fatstock should be composed of light-colored fats 
and oils; otherwise, discoloration of the cloth may occur. Besides, fatstocks 
for such textile soaps should not give soaps liable to rancidity, as it was 
found that rancidity not only gives rise to discoloration and bad odor but 
actually harms the fiber. 

Another textile process in which soap is important is the degumming proc- 
ess for silk:*7 

The common method of removing the gum from raw silk is to treat the fibers in a 
moderately concentrated solution of soap. The degumming operation is sometimes 
termed “boiling-off,” but in actual fact, the silk is not boiled, and the temperature is, in 
general, maintained at about 95°C., for the act of ebullition is apt to disturb the fine 
filaments and bring about entanglements and damage; some chemical damage may also 
result from the higher temperature. 

If the whole of the gum has to be removed, it is necessary to prolong the process, 
and also to use fresh solutions of soap. The concentration of the soap in the bath and 


also the number of baths are determined by the amount of sericin, which has to be 
removed. 


The amount of silk gum, or sericin, varies between 20 and 30% and it is 
either partly or completely removed from raw silk, with a corresponding loss 
in weight. For this purpose, pure olive oil soda soaps (Marseilles soaps) 
with a 62 to 65% total fatty acid content are the best. Possible substi- 


17 J. T. Marsh, loc. cit., p. 379. 
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tutes for olive oil are sesame, cottonseed, and groundnut oils. Soft soaps de- 
rived from olive, groundnut, sesame, or red oil are also commonly used in the 
handling of raw silk. Incidentally, a first class olive oil is not always indis- 
pensable, but may be replaced by olive oil foots. Coconut oil is sometimes 
used in the fatstock of soap for silk washing. High titer fats are less suit- 
able. The amount of soap employed is usually calculated on the weight of 
material and is as high as 20-50%. 

Very frequently, the mills recover their soaps by passing the waste liquor 
to acidulating tanks, skimming off the fatty acids, and reconverting them to 
soaps. 

Alkaline soap builders are often used in conjunction with soap. Addi- 
tion of a synthetic detergent, Nacconol NR,"* or another sodium alkyl aryl sul- 
fonate (about 20%, calculated on the neutral soap used) gives especially good 
results in combination with alkaline soap builders. Soap in conjunction with 
synthetic detergents is well suited for scouring alkali-sensitive rayon. But 
rayon may also be treated with a 0.3-0.5% solution of soap (similar in type 
as for silk), to which some sodium carbonate and/or trisodium phosphate 
may be added as well. It is possible to produce a ready-made soap for this 
purpose containing some 3-5% trisodium phosphate. Combinations of soaps 
with non-ionic detergents have recently found entrance into the textile in- 
dustry. 


(3) Abrasive and Scrubbing Soaps 


There are two main types of such soaps on the market: (1) scrubbing 
soaps such as hand cleaners and (2) soap powders or pastes for cleaning of 
pots, pans, tiles, floors, windows, etc. The latter types are used more widely 
and these products are dealt with first. 

The following (U. S.) Federal Specification’® is an example of the com- 
position and use of such compounds: 


Cleaning compound (PC-565) soap—abrasive type for painted surfaces. 

The product is to be without objectionable odor, and not harmful to the hands. The 
seller must label each container with directions for use. The product must be capable 
of being applied either with a damp cloth or sponge. It is to be a uniform soft paste, 
meeting the following requirements. 

Matter volatile at 105°C. shall not exceed 65% by weight. It shall contain not more 
than 0.1% by weight of free alkali calculated as NaOH. It shall contain not more than 
0.5% by weight free acid calculated as oleic acid. Alkaline salts calculated as NasCOs 
shall not exceed 5% by weight. Insoluble siliceous matter shall not be less than 25% 
nor more than 50% by weight. All of the insoluble siliceous matter shall pass through 
a No. 80 sieve; and not more than 15% shall be retained on a No. 200 sieve. Anhydrous 


18 National Aniline Div., Allied Chemical & Dye Corp. 
19 Federal Specification PC-565 Cleaning Compound, U, S, Government Printing 
Office, Washington 25, D, C, 
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soap shall be not less than 3.5% by weight. Total glycerol content shall not exceed 
0.8% of the weight of anhydrous soap contained in this product. 

A special test is provided for determination of abrasive properties. A thin film of 
the compound is spread over a clear microscopic slide. Another slide is placed over the 
film and the two slides pressed together, using a slight pressure, and rubbing one slide 
over the other with a rotary motion. The slides when wiped clean of the compound shall 
not be scratched. 


This product may be manufactured on the basis of a mixture of soft soap, 
soda ash, waterglass, and abrasive as follows: 200 parts transparent soft 
soap, 30 parts of pumice, 3 parts soda ash, 2 parts waterglass of 38° Bé 
(Na2,O : ca. 38i0,) dissolved in 25 parts water, 20 parts of a ca. 5% aqueous 
starch solution. 

The abrasive and alkaline builders are incorporated into the soft soap in 
a kneading or similar mixing machine. The starch solution previously pre- 
pared is then added to the mixture in the machine. Within the limits of the 
specification, many combinations are possible; the formula cited is meant 
only as an example. 

A scouring powder usually consists of a uniform mixture of soap powder 
and an insoluble abrasive. The abrasive is usually powdered pumice, vol- 
canic ash, quartz, marble, or feldspar. The abrasive is mixed with the soap 
and sodium carbonate in a special mixer. 

Some further U. S. Federal Specifications illustrate the composition and 
use of such products: 


Scouring powder for floors (PP-591). 

Scouring powder for floors shall be of the following types, as specified: Type A—- 
for fine marble floors; Type B—for tile or ceramic and terrazzo floors; Type C—soap 
scouring compound. 

Type A (for fine marble floors) : 

Matter volatile at 105 to 110°C. shall not exceed 10%. Deliveries which yield more 
than 10% of volatile matter shall be rejected without further test. The sum of sodium 
carbonate (NaeCO;) and anhydrous soap shall not exceed 7% nor be less than 2 per cent. 
Free alkali, calculated as sodium hydroxide (NaOH) shall not exceed 0.1%. Insoluble 
siliceous material shall be not less than 85% nor more than 95%. ll of the insoluble 
siliceous material shall pass through a No. 100 sieve, and the residue retained on a 
No. 200 sieve shall not exceed 5%. The material shall not scratch nor discolor marble. 
The material shall be a uniform powder, shall be unscented, and shall be of a light grey 
or white color. Total glycerol content shall not exceed 0.8% of the weight of anhydrous 
soap contained in this product. 

Type B (for tile or ceramic and terrazzo floors) : 

Matter volatile at 105 to 110°C. shall not exceed 10%. Deliveries which yield more 
than 10% of volatile matter shall be rejected without further test. The sum of sodium 
carbonate (NasCO,) and anhydrous soap shall not be less than 2%. Free alkali, calcu- 
lated as sodium hydroxide (NaOH), shall not exceed 0.1%. Insoluble siliceous material 
shall be not less than 80 nor more than 95%. The insoluble siliceous material shall not 
yield more than 1% of residue retained on a No. 60 sieve and not more than 10% of 
residue retained on a No. 80 sieve. The material shall be a uniform powder, shall be 
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unscented, and shall be of a light grey or white color. Total glycerol content shall not 
exceed 0.8% of the weight of anhydrous soap contained in this product. 
Type C (soap scouring compound) : 

Matter volatile at 105 to 110°C. shall not exceed 6%. Deliveries which yield more 
than 6% of volatile matter shall be rejected without further test. Carbonated alkali, 
calculated as sodium carbonate (NazCQs) shall not be less than 6% nor more than 
20%. Free alkali, calculated as sodium hydroxide (NaOH), shall not exceed 0.1%. 
Anhydrous soap shall be not less than 3% nor more than 10%. Insoluble siliceous ma- 
terial shall be not less than 60% nor more than 90%. The insoluble siliceous material 
shall not yield more than 1% of residue retained on a No. 60 sieve and not more than 
J0% of residue retained on a No. 80 sieve. The material shall be a uniform powder, 
shall be unscented, and shall be light grey or white in color. Total glycerol content shall 
not exceed 0.8% of the weight of anhydrous soap contained in this product. 


Some formulas which may serve as basis for the manufacture of the speci- 
fied scouring powders follow: 


Scouring powders for floors (PP-591). 
Type A: 
4 parts sodium carbonate 
3 parts powdered curd soap 
93 parts of abrasive powder as specified in the sieve test consisting of 
pumice, feldspar, etc. 
Type B: 
5 parts sodium carbonate 
8 parts powdered curd soap 
87 parts of abrasive powder with properties as specified 


In types A and B it is possible to incorporate 7-8% water (calculated on 
the whole mixture). Incorporation of water must be by a very fine spray 
so as to avoid caking. The prepared mixture should pass through a fine pul- 
verizing mill. If a good powder mill is used, coarser grades of abrasive may 
be used that will be ground in the mill to the required fineness. Careful 
control of fineness and drying loss is indispensable. 


Type C: 

12 parts sodium carbonate 
7 parts powdered curd soap 

91 parts abrasive 

Scouring powder for glass (PP-396a) : 

4 parts sodium carbonate 
6 parts powdered curd soap (without rosin) 

90 parts abrasive with properties as specified 


In a comprehensive article on abrasive cleansers, Lesser”® gives some 
formulas for kitchen purposes. Typical of such compositions is the following 
product, described”* as useful for cleaning kitchen utensils, sinks, and other 


20M, A. Lesser, Soap, 21, No. 6, 44-47 (1945). 
21 —D. F, Mason, Chem. Ind., 45, 50 (1939). 
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objects not injured by strong abrasives and alkalies. Made by simply mixing 
the dry ingredients, it consists of: 


Volcanic ash —... ~ : mee te 90 parts 
Sodium carbonate —_ Se aah ee 8 ee 1 6 parts 
Powderedisoape == a4 4 parts 


Indicative of the old-fashioned sand soaps, which enjoyed popularity for 
cleaning kitchenware, is a formula given in a British reference text:”* 


Powdered! (808 pisses 2 gee eg ee : _. 5 parts 
Calcined soda eee Re = a ae 10 parts 
Pumice powder eS Ss Se ee Se PFE 
inemsandee. = 2a ee wea a een _.. 65 parts 


This may be contrasted with a more modern, well rounded cleaning pow- 
der described by Belanger :?* 


Powdered borax -._ Bi. 5 parts 
Powdered soap ... _-.. peeaee 30 parts 
Sodamras hye: —-seeeee See emer: ea me _. 65 parts 
Powdered volcanic) acti seme eae eee eI 1111: ES) 


The ingredients are mixed intimately by sieving to form a rather versatile 
general-purpose cleaner and polish with many uses in the kitchen, bathroom, 
and other parts of the house. 

Scouring powders consisting solely of a uniform mixture of soap powder 
and abrasives make efficient cleansing agents.” A typical preparation of this 
type has been described”® as consisting of 7% soap powder and 93% pow- 
dered silica. Obviously, the proportions of these two ingredients, as well as 
the type of abrasive used, may be varied to meet specific requirements. 

In other instances, the sodium carbonate may be reduced partially or sup- 
plemented by the use of other detergent alkalies. In the two formulas follow- 
ing,?® soda ash is used in conjuncion with trisodium phosphate to make ef- 
fective household scouring powders: 


Ingredient A B 
Soap mpow dele eee ee : 2) 4 
SodaVashh aan en See 2 3 13 
Trisodium phosphate - Aa a a 40 8 
Silicam(l00—125 mech) ae ee B 855 75 


22 G, P. Forrester, Pharmaceutical Formulas, Vol. II, 10th ed., London. Chemist & 
Druggist, 1934, 562. 


23 E. Belanger, Drug and Specialty Formulas, Chemical Pub. Co., New York, 1941, 
p. 6. 


24 I, W. Smither, “Washing, Cleaning and Polishing Materials,” Natl. Bur. Standards 
Circular G424, Washington, U. S. Dept. Comm., 1939, pp. 20-21. 

25H. Bennett, Chemical Formulary, Vols. I-VI, Chemical Pub. Co., New York. 

26 Anon.; Soap & Sanit. Chem., 19, 30 (April, 1943). 
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These are all scouring powders. Formula A is very strongly alkaline. 
For general household use trisodium phosphate may either partly or totally 
be replaced by tetrasodium pyrophosphate. On the manufacture of the less 
popular abrasive cleaners in paste form, Lesser has the following to say: 


Intended primarily for rough and tough kitchenware cleansing, the study29 of a few 
products on the market showed their composition to be within the range of the following 
figures: 


Sain Cato: (Cis)! a ee ee ee ee 
Coarse pumice —_...._. 
SOdiimersllicate ss. sae 

Glycerine 2a 5 Se era ceceer 
Wits pee 3 eS eee L 


Thus, the average composition of one of these scouring pastes is about 18% soap 
chips, preferably the yellow type, which would approximate 15% anhydrous soap; 40% 
pumice of a coarse but uniform grade; 3% commercial, 40° Bé sodium silicate (Na.O : 
3Si02) ; about 35% water; and 2% glycerine. Such pastes are used by rubbing a wet 
cloth over the surface of the cleanser and then scouring the pot or pan as one would 
use a metal paste polish. 


The method of producing such pastes is along the lines already described. 
Bennett”’ gives the following representative formula for a cleansing paste: 


(Powderedabardlson pee eee ee ee Soars 
Sodiuimemcan bona te) (ae meemes 6 eee ees ee Oe eee ants 
Fine pumice powder —.. ia ee WOO Aris 
SCAR SATE reer ec Me ta cae eee so er aes an OO UN ATES 
Glycerine (as a 5-10% aqueous solution) __. Sufficient to make a paste 


It is possible to produce such a paste by first preparing a concentrated 
hot solution of the soap, then adding the powder ingredients in a strong 
paste mixer or a kind of paint mill until a stiff paste is formed. The con- 
sistency of the paste is regulated by the addition of glycerine water. 

It should be mentioned that a number of United States and foreign pat- 
ents exist for abrasive cleaners. We have confined ourselves here to the de- 
scription of cleaning compounds unprotected by patent rights. 

The choice of abrasive in the above compounds is one of extreme impor- 
tance in avoiding undue costs and yet giving the abrasiveness desired without 
scratching. For example, an abrasive used in a wall cleaner must be softer 
than one used on windows, one for aluminumware softer than one for steel- 
ware. Usually the manufacturer employs a compromise type of material. 
The following materials are listed in order of hardness.?’ Gencrally, they are 
used in a size of 200 mesh or finer. 


Talc; hydrous magnesium silicate; very soft; suitable for special scouring agents for 
tile and porcelain enamel, hut not for general household powder. 
Diatomaceous earth: siliceous skeletons of small aquatic plants called diatoms; also 


27 J. W. McCutcheon, Chem. Ind., 65, No. 5, 748 (1948). 
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called infusorial earth, kieselguhr, tripolite, etc.; soft; expensive; not recommended in 
general household product. 

Whiting: washed chalk; suitable for tile cleaners, etc. but not for a general house- 
hold product. 

Marble: calcium carbonate; mild abrasive not generally used in household cleaners. 

Volcanic ash: sedimentary rock composed of volcanic dust, ash, and cinders; suitable 
for use in household cleaners. Pumice, also a derivative of volcanic ash, is slightly harder 
than it. 

Feldspar: mixture of various metal aluminum silicates, chiefly K»O- AlOs- 6SiOs. 
Its hardness is just about the equivalent of volcanic ash, and it is usually of a whiter 
color, so that it is a very desirable product when available. 

Quartz: crystallized SiO». It is harder than pumice and is apt to be abrasive on 
softer metals such as aluminum and copper. Not recommended where milder abrasives 
are available. 


Sand: fine grains of disintegrated siliceous rock, chiefly quartz which it resembles 
in hardness. 


Tn many cases the soap plays a minor role, as noted by the formulas given 
above. This fact leads to an interesting development, namely, the use of 
synthetic detergents to replace soap in the formula. A product containing 
5% soap will rapidly lose its sudsing value through precipitation of the soap 
by the hard water. This destroys the penetrating action necessary to such 
cleaners. Synthetic detergents which are not affected by hard water retain 
this property under all conditions of use and in America have largely cap- 
tured this type of market. 

A very important group of abrasive cleaners are the hand cleaners for 
mechanics, garage workers, and other industrial workers. Federal Specifica- 
tion PD-221 is quoted as an example of a hand cleaner. 


Detergent for mechanics use shall be of one type only. It shall be a uniform mixture 
in powder form, as specified, and shall be satisfactory for removing oil, grease, paint, 
printing inks, and other occupational soil from the hands of automobile mechanics, ma- 
chinists, and other operatives without harmful effect on the skin. [This last phrase is 
most important and will be discussed at some length later on.] 

The material shall be a uniform, free-flowing powder. The odor shall not be ob- 
jectionable; if desired, shall conform to the odor of a sample mutually agreed upon by 
buyer and seller. The mutually agreed upon sample shall be kept in an airtight, closed 
container for comparison with samples from deliveries. Volatile matter at 105 to 110°C. 
shall not exceed 5%. Deliveries which yield more than 5% of volatile matter shall be 
rejected without further test. Alkaline salts, calculated as sodium carbonate (Na:CO:), 
shall be not less than 2% nor more than 5%. The alkaline salts shall consist of borax, 
sodium carbonate, or a mixture thereof. Free alkali, calculated as sodium hydroxide 
(NaOH), shall not exceed 0.1%. Free acid, calculated as oleic acid, shall not exceed 
0.2%. Anhydrous soap, calculated as soda soap, shall be not less than 17%. Insoluble 
siliceous matter shall be not less than 60% nor more than 76% and shall conform to the 
following requirements: 


Relained on: 

No. 60 sieve 5% (max.) 
No. 100 sieve aS ee. _.... 30% (max.) 
No. 200\ sieve 2 ft  —— 60% (max.) 
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Rosin or sugar shall not be present. Total glycerol contents shall not exceed 0.8% 
of the weight of the anhydrous soap contained in this product. All constituents shall be 
reported on the basis of the sample as received, except glycerol which shall be deter- 
mined on the basis of the anhydrous soap content. 


More recently a revised specification (PD-22la) was published. The 
new specification differs from PD-221 in that a third type of detergent is 
specified as open for bidding. Type III is a hand scouring powder with veg- 
etable abrasive. This detergent for mechanics’ use “shall be a uniform mix- 
ture in powder form of clean sawdust or cornmeal, thoroughly saponified 
soap, and/or active, salt-free synthetic detergents, and pine oil. ‘The deter- 
gent shall not contain any mineral abrasives, such as lava, pumice, sand, 
quartz, etc. Sawdust, if used, shall be of a granular nature and free from 
splinters.” Detailed requirements of type III are: matter volatile at 105°C. 
—10%; alkaline salts (as sodium carbonate) —0.2%; free alkali (as sodium 
hydroxide) —-0,1%; free acid (as oleic)--0.5%; matter insoluble in water 
(sawdust or cornmeal) —62%; rosin—5%; sugar—none; volatile hydro- 
carbons—5%. All constituents must be reported on the basis of the sample 
as received. 

It is interesting to note that cleaners are specified which contain vegetable 
abrasives. For this purpose corn meal, etc. are chiefly used, since these kinds 
of abrasives are less irritating to the skin than the common mineral abrasives 
mentioned under scouring powders. 

Since the bulk of these products go to industrial workers, a great many 
specify the use of abrasives with a vegetable origin. Cornmeal is by far 
the greatest single material used and its preparation for this purpose usually 
involves degermination to insure its keeping properties. Undegerminated 
cornmeal has the annoying property of becoming moldy and wormy. Wood 
flour is also used. The general consensus among industrialists is that the use 
of nonabrasive materials is insurance against skin infections that might be 
caused or aggravaicd by a mineral abrasive. The great drawback to such 
materials, however, is their bulkiness and habit of clogging drains. In many 
applications, however, mineral abrasives are desirable for their greater abra- 
sive power and are used where the individual or company assumes responsi- 
bility for any infections derived therefrom. Particularly, mineral abrasives 
are used in paste soaps for mechanics where the more elaborate powder dis- 
pensers would be an inconvenience. 

The manufacture of abrasive hand cleaner is similar to other abrasive 
cleaners. The following formulas may serve as a basis, 

A mechanics’ soap in paste form may be produced from: 130 parts trans- 
parent soft soap, 150 parts bentonite, 200 parts fine sand, 10 parts sodium 
carbonate. The solid materials are incorporated into the soft soap. Some 
water may be added to regulate consistency. 
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A hand. cleaner in powder form may be produced by the following basic 
formula: 26 parts pure powdered soap, 70 parts abrasive material (cor- 
responding to the requirements of U. S. Federal Specification PD-221 or 
PD-221a), 4 parts of borax and/or sodium carbonate. 

A special hand cleaning compound containing approximately 75% of 
borax and 25% of dry soap was found in the laboratories of Borax Consoli- 
dated Ltd. to possess desirable fungicidal properties and yet to be so mild 
in its action on the skin as to reduce any tendency to dermatitis. The borax 
is in finely granulated form so that, when mixed with dry powdered soap, 
gumming or caking is avoided. The product is described as a good cleaner 
and will remove dirt from the hands effectively and without waste. The 
borax is added not just as a diluent for the soap, but its hardness of 2 (in the 
hardness scale) makes it softer even than chalk; it is readily soluble, and its 
abrasive action is only temporary, as the sharp edges of the grains become 
blunted almost instantly. It has detergent and slight water softening proper- 
ties of its own, and is a mild alkaline salt possessing the characteristic prop- 
erties of imparting to a soap solution a pH value lower than soap alone.”® 

Grit soaps in cake form are popular as well. It is possible to produce 
such a soap simply by incorporating the abrasive material into the hot soap 
in the crutcher. Suitable for this purpose are soaps (not grained-out) pro- 
duced from coconut oil or palm kernel oil, as they foam better and the in- 
corporation of the abrasives is easier because the soaps remain liquid, or at 
least movable, in the crutcher even if higher amounts of insoluble material 
are added. The soap is adjusted to a fatty acid content of 60% before the 
abrasives are added in the crutcher, or in a small soap pan fitted with a strong 
stirring mechanism. The production of the soap base may be carried out 
by the boiling method or the semiboiled process. Fatty acids may be used 
to great advantage. The abrasives are slowly added to the hot soap base with 
constant stirring. The soap—abrasive mixture is poured into frames, and is 
cut after it has solidified. Some representative formulas for grit soaps in 
cake form are as follows; 75 parts soap base, 5 parts sodium silicate (40° 
Bé), 10 parts pumice, 10 parts fine sand (or 5 parts bentonite, 5 parts kiesel- 
guhr, and 10 parts pumice, which gives a soap with less scrubbing effect, but 
more suitable for sensitive skin). 

Some of the mineral abrasives may be replaced by vegetable abrasives. 
If the soap is to be perfumed or colored, the coloring and perfuming ingre- 
dients are added to the soap before incorporating the abrasives. It is some- 
times suitable to mix ultramarine with the abrasive to cover the greyish ap- 
pearance of most of the abrasive materials. 0.5-0.75%, calculated on the 
pan soap, may suitably be used. 

The use of bentonite (see Chap. IX, 8) in products as prescribed in the 


28 Anon., Chem. Eng. News, 21, 1753-1754 (1943). 
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above specification and specimen formulas has many advantages. Bentonite 
appears to be without harmful effect on the skin. This is demonstrated by 
the fact that bentonite is even used as an ointment base for dermatological 
conditions. Because of its colloidal properties it does not cause clogging 
of plumbing, which is especially important when industrial hand cleaners are 
used regularly. Lesser,”° 
mentions particularly its use for industrial hand cleaners. 

In the cleaner developed and recommended by the U. S. Public Health 
Service®’ to meet its own rigid requirements and standards, bentonite was 
advocated as one of the two alternate colloidal clays useful in such products, 
the other being kieselguhr. These colloidal clays, it was noted, provided good 
detergent action, acted as soft scrubbers, had no skin-irritating properties, 
and caused no clogging of plumbing. The type of formula for such an in- 
dustrial cleanser for general use was given as follows: 


in a review on the use of bentonite as a detergent, 


Neutral toilet soap : _ 380 parts 
Colloidal clay (bentonite or kieselguhr) ee 0paris 
Synthetic detergent -.. .. ... PS Ol pants 
Pa TLOl i ieee eee ee a eae eR. SO parts 
Perfume) —..... perils pee re a ee part 


Mix the colloidal clay and synthetic detergent. Heat the soap and lanolin and mix 
with the above. This may be pressed into cake form, or 25 parts of corn meal may be 
added to make up 100 parts and the mixture then made into a powdered soap. 


It may be significant that only bentonite was mentioned when this for- 
mula was included among those recommended by the Committee on Occupa- 
tional Dermatoses of the American Medical Association.™ 

It is also possible to add to a soap base not only abrasive but also solvents. 
Such soaps are especially suitable for hand cleaning soaps for workers in the 
paint and dyestufi industry,*? but only with 10-15% of solvents and only 
abrasives of the softest type (e.g., bentonite, saw dust, etc.) to prevent the 
solvent from entering into skin scratches produced by harder abrasives. Sol- 
vents may be added to hand cleaners in paste or cake form. Only higher 
boiling solvents with no irritating effect should be used, e.g., deodorized 
kerosene or refined solar oil (or light mineral oil). No chlorinated or low- 
boiling solvents should be employed, although cleaners’ naphtha is permitted. 
Some formulas for abrasive hand cleaners containing solvents are: 


SOAP IN CAKE FORM 


70 parts of hot liquid curd soap 
20 parts bentonite and/or sawdust 
10 parts solvent (solvents as mentioned above) 


29M. A. Lesser, Soap, 21, No. 10, 39 (1945). 

30 L.. Schwartz, Med. Clin. N. Am., 26, 1195 (1942) ; Ind. Nursing, 4, 36 (April, 1945). 
31 Committee on Occupational Dermatoses, J. Am. Med. Assoc., 122, 370 (1943). 

32 J, and A. Davidsohn, Soap, Perfumery & Cosmetics, 15, 382 (1942). 
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SOAP IN PASTE FORM 


60 parts soft soap 
15 parts solvent (see above) 
25 parts bentonite and/or sawdust 


If the paste is too stiff, water may be added. First the solvent is added to 
the soap and then the abrasive is incorporated slowly until a smooth paste 
has been formed. 


(4) Salt Water Soaps 


Salt water soaps are important and it is imperative that the soap manu- 
facturer be well acquainted with their composition and the requirements pre- 
scribed for the U. S. Navy—the largest consumer of this type of soap. The 
main constituent of the fat charge of the classical type of salt water soap is 
coconut oil or palm kernel oil, owing to the greater electrolyte resistance of 


TABLE XX-4 
Composition oF Satr Water Soap AccorDING To FEDERAL SPECIFICATION PS-6lla 


Percentage by weight 


Constituent ; 
Max. Min, 


Anhydrous, salt-free, soap —. ee eee, = 40.0 
Moisture and matter volatile at 105°C. 0 ane Cee 55.0 — 
Free alkali, calc. as NaOH ~~ ; Ae 0.5 -— 
Chloride calc. as NaCl _- pas eee ee ee eee 3.0 Os) 
Matter insol. in distilled water — Sa aprons 0.5 -- 
Acid number of mixed fatty acids prepared from soap . a = 240 
Sugar and foreign matter : ae None None 
Rosin... al oy ee, None None 


this type of soap, the faster solubility in cold salt water, and the greater lime 
resistance. The acid number (neutralization value) of the mixed fatty acids 
separated from salt water soaps should be 240 according to Federal Specifi- 
cation PS-61la (see Table XX-4), which means that about 75% of the fats 
used must be coconut, palm kernel, or babassu kernel oil. Owing to the 
scarcity of these oils it was found necessary to modify the specification, and 
toward the end of 1942 the Navy Department issued an Interim Specification 
(51-D7), which prescribed a compound bar soap containing soap in con- 
junction with synthetic detergents preferably of the aryl alkyl sulfonate type 
(see Table XX-5). 

The physical chemistry of the functioning of this mixture in sea water is 
a controversial subject. Van Zile and Borglin®® sive the following opinions 
as prevalent among workers in this field. Some believe that in the presence 


32 B.S. Van Zile and J. N. Borglin, Oil & Soap, 21, 164-166 (1944). 
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of hardness, soap and a synthetic detergent form a complex perhaps of the 
nature: 


soap 
Ca 
synthetic 
This complex not only acts as a precipitant for hardness, but, having greater 
solubility than the calcium soaps, aids in dispersing the insoluble curd. When 
the hardness has all been precipitated and dispersed, sufficient synthetic will 
be left to aid the soap in doing a wash job. Others feel that the soap alone 
precipitates the hardness and the synthetic does the washing. If this is the 
case the soap is wasted, because the synthetic could be used alone and should 


do just as good a job without softening the water. Another school of 
thought is that the soap precipitates the hardness; the synthetic then disperses 


TABLE XX-5 
Composition Accorpinc To Navy INTERIM SPECIFICATION 51-D7 


Percentage by weight 


Constituent 

Max. Min. 
Anhydrous, salt-free, soda soap nee eee = 30 
Anhydrous, sali-free, synthetic detergent — 20 
Moisture and matter volatile at 105°C. __ le Pe 25 — 
reexalkaliscale was \NAO ple: see 2 see ee 0.1 = 
Matter insol. in distilled water 0.1 — 
Rosine eee 2 8 ee ee ee or 4.0 —_— 
Suganee =e zens None None 


Sodium sulfate, sodium chloride and other neutral inorg. salts Balance Balance 


the insoluble soap and allows the excess soap to do the actual washing. 
Whatever the physico-chemical mechanism, the fact remains that the combi- 
nation of soap and synthetic works better than either one alone. Also, the 
combination works at a relatively low concentration, which seems to rule out 
any thought of the complete precipitation of the hardness. 

It is interesting that the use of rosin is excluded in Federal Specification 
PS-61la and in a similar specification issued by the American Society for 
Testing Materials (A. S. T. M.) (D593-42) adopted 1942 and maintained 
until now. The Navy’s Interim Specification permitted the use of 4% rosin 
(ealeulated on the weight of the compound soap). The soap must be made 
chiefly from tallow but may contain 10% of other fats or oils, or rosin. It 
should be a boiled settled soap. 

Extensive research was carried out by Van Zile and Borglin,** who proved 
the value of rosin in sea water soaps, especially in conjunction with tallow 
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soaps and alkaline soap builders. Their experiment to prove the detergent 
value of these soaps were carried out according to the performance test as 
outlined in the Navy Interim Specification 51-D7, which is briefly as follows: 


Wool fabric is soiled by passing through a soiling solution a sufficient number of 
times to reduce the reflectance to 30% (+2.5%). The soiling solutian is composed of: 


Hdiblestalows == =a oon gi Ts by 2.5 g. 
Whitesninerals0ll = 6.0 g. 
Lampblack (Grinder No. 2) es ae 0.125 g. 
Carbon tetrachloride 4.01, 


After soiling, the wool fabric is washed by the following procedure. Dissolve the 
sample in 1000 ml. of artificial sea water, warming if necessary. Take 250 ml. of this 
solution in an 8 in. evaporating dish and wash a 4 in. square piece of the soiled wool 
fabric by squeezing it vigorously 50 times in the detergent solution within two minutes. 
Rinse in warm soft water and dry. The reflectance is then compared with that of an un- 
soiled piece of the wool fabric which has been squeezed 50 times in artificial sea water, 

_ vinsed and dried. 


The composition of the artificial sea water is: 
Masnesium chloride (MeGis"6H:0)) ee 0g. 
Calcium chloride (CaCl,- 211-0) — = 
Sodium sulfate (Na2SQ.) — = 
Sodiun@chlorides (NaCl)... ee ee eee 25.0 g. 


Water to@make: 228 = 2 oo) ee ee 


The concentration of detergent used in this test was varied until a solu- 
tion was obtained which would remove all of the visible black from the wool 
fabric. The lowest concentration that would accomplish this was considered 
the optimum for the detergent. Coconut oil salt water soap (PS-61la) re- 
quired 7% of dry solids, or over 15% on the 55% moisture basis. The ad- 
dition of alkaline builders reduces the necessary concentration. Mixtures 
of 50 parts of soap with 50 parts of trisodium phosphate, metasilicate, ortho- 
silicate or soda ash required about 6%, while a 50 : 50 mixture of soap and 
tetrasodium pyrophosphate required only 4.75%. 

For salt water use sodium resinate alone aids soap very little, but com- 
bined with alkaline soapbuilders it is very effective. For instance, it requires 
only 3% of a mixture of 50% tallow soap, 25% resinate, and 25% pyrophos- 
phate to meet the above test. The soap containing synthetic detergent as 
specified in 51-D7 requires between 2.0 and 2.5% to do the same thing. By 
using a slightly higher concentration, Van Zile and Borglin succeeded in ob- 
taining a good detergent for use in sea water without the use of synthetics. 

A formula by Young et al.°4 uses the rosin acids of tall oil as a base in 
which the potash soap is mixed with the sodium salts of the builders: 


84C¢. B. F. Young et al., Soap & Sanit. Chem., 25, No. 12, 42 (1949). 
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SCRUB SOAP—USING TALL OIL 


RallouGnotashwsospaes = stew ween fre 30 
Soclivin Croom 28 a LS nares 4 
Ding oll a as a : ce oo 
Trisodium phosphate .. ; ee ee, 
Wetter manent eee Ve, == es 55 


Since a mixture of one part of tallow soap and one part of pyrophosphate 
required a concentration of 4.75% to remove all of the visible carbon black, 
it was endeavored to reduce the necessary concentration through the addition 
of sodium resinate. Starting with a 50 : 50 mixture of detergent and builder, 
sodium resinate was added in increments of 5% from 5 to 30% and the pyro- 
phosphate was reduced by a like amount. The best protection was obtained 
with 50% tallow soap, 25% resinate, and 25% tetrasodium pyrophosphate 
mixture. Working from the other angle, a mixture of 2 parts tallow soap to 
1 part of resinate was used, and pyrophosphate was added in increments of 
5% from 5 to 25%, decreasing the amount of soap resinate mixture to the 
same extent. The pH was 9.5, corresponding to a pH of a 3% concentration 
of the salt water soap in artificial sea water. If the pH was raised to 11.0, 
better results were obtained. These can be obtained by finishing the soap at 
a slightly higher alkalinity. It was found that the most effective composition 
was 2 parts of tallow soap to 1 part of resinate and 1 part of alkali salts (part 
of which must be tetrasodium pyrophosphate). Of the alkaline salts, it was 
found that 50 to 60% could be metasilicate, orthosilicate, or trisodium phos- 
phate, with the balance tetrasodium pyrophosphate. 

The soap used in this work was a 25° titer soap produced by Colgate- 
Palmolive-Peet under the trade name Arctic Crystal. The sodium resinate 
was a spray-dried material made by the saponification of refined wood rosin 
and sold under the trade name Dresinate.** The alkaline salts were the usual 
grade used in soap production. 


85 Hercules Powder Company, Wilmington, Delaware. 


CHAPTER XXI 


SPECIAL SOAPS 


(1) Liquid Soaps 


In this section only the common liquid soaps are described. For liquid 
shampoos and liquid solvent soap, see Chapter XX and Section 4 of this 
chapter. 

Liguid laundry soaps are produced from cheap raw materials without 
the addition of perfumes or only with the most inexpensive types of per- 
fumes. Liquid toilet soaps are manufactured by the same method, but very 
often contain additions of glycerine, alcohol, etc. and are more carefully 
prepared. The limits for free alkali are lower and more closely controlled. 

Liquid soaps usually are water solutions of a neutral petash soap, mainly 
from coconut oil. Sometimes the coconut oil is partly replaced by palm 
kernel oil, olive oil, peanut oil, and other vegetable oils. The use of fats with 
high titer are out of the question, as their solution would become thick and 
turbid. The concentrated soap before dilution with distilled or deionized 
water is usually prepared by the cold or semiboiled process. 

The formulas which follow are suitable for laundries and, when perfumed, 
for dispensing and automatic machines. Their manufacture is a simple 
matter. 

(a) 250 kg. palm kernel oil, 50 kg. castor oil, 140-145 kg. caustic potash (50° Bé), 
800 kg. water; 50 kg. glycerine (28° Bé). 

(6) 200 kg. coconut oil, 50 kg. castor oil, 120-125 kg. caustic potash (50° Bé), 
800 kg. water; 160 kg. potassium chloride solution (5° Bé). 

(c) 100 ke. coconut oil, 60 kg. sunflower oil, 30 kg. castor oil, about 85 kg. caustic 
potash (50° Bé), 100 kg. glycerine, 535 kg. potassium carbonate solution (5° Bé), 
500 kg. water. (This formula is suitable only for laundries.) 


To manufacture these soaps by the semiboiled method, the fat is melted 
and transferred to the kettle (through a fine sieve or cloth if necessary), so 
that the ready saponified concentrated soap before dilution contains about 
40-50% acids. The caustic potash and all filler solutions for liquid soap 
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manufacture should be well clarified by settling. The potash lye. part of the 
water. and the glycerine at a temperature of about 75°C. are then stirred in, 
with continued stirring until combination and heat evolution commence and 
a thick soap appears in the kettle. The latter is tested for free alkali with 
phenolphthalein. A cloudy appearance of a sample dissolved in distilled 
water indicates the presence of unsaponified fat. 

The remaining portions of water and filler solutions are then stirred in, 
preferably at an elevated temperature. The kettle is covered again and the 
soap mass allowed to stand without agitation. It should be perfectly trans- 
parent. Cooling is to about 50°C., followed by filtering and drumming. 

The kettle for this process is usually steam-jacketed and includes an effi- 
cient stirring device, which should be constructed so that it remains below 


TABLE XXI-1 


Fatty Acid Content, % 15 25 35 
(Coconut oily) 10.75 16.75 10 
Oleiny (redyoil)_ ee Xess 5 5 8 
Olive oil ye ee a 5 -— 
Palm kernel oil _ m~. _— — 115 
(Gastors Of) pee _ oe _ eee = — — i 
Caustic potash lye =: 14.5 (30° Bé) 13 (40° Bé) 18 (40° Be) 
Potassium carbonate _. 1 0.5 0.5 
Potassium chloride — 1 os — 
PAL COHOI® le Mee eee se — 4.5 10 
Sugar = UN ee ee 5 Tey 6 
Glycerine —..- eer eee — 75 515) 
Distilled (or deionized) water 62.75 40.25 31 


the surface of the liquid at all times in order to avoid beating air into the 
mixture. 

Formulas for liquid soaps with different fatty acid contents are given in 
Table XXI-1. The rather old fashioned use of sugar may be replaced by use 
of other thickening agents of modern type, such as methylcellulose, sodium 
carboxy methylcellulose, etc. and not in such high percentages; the difference 
to 100 may then be made up by more water and/or glycerine. 

If the saponification is carried out at the boiling point the whole of the 
fat stock is run into the soap pan with half its weight of water and heated 
by steam. The saponification proccss is carried out as usual. Full saponifi- 
cation assured and free alkali adjusted, the ready boiled soap may be diluted 
suitably, after the soap has remained at rest for some hours to prevent foam- 
ing during the dilution process. Thickening agents and emulsifiers, if any, 


XXI. SPECIAL SOAPS 459 


are added during the last stage of dilution. They are dissolved previously in 
some of the distilled water. 

Table XXI-2 for liquid soaps of different composition is taken from an 
article by Oculus.?¢ These may be compared with the series (Table XXI-3) 
which incorporate small proportions of linseed oil or soybean oil. 

Another method of producing liquid soaps is to dissolve flakes of pre- 
viously prepared cold-made potash soap from coconut or palm kernel oils 
in water. To produce a potash soap of 56-57% fatty acids content, the fol- 
lowing formulas may be used: (a) 60 parts coconut oil, 31.3 parts KOH 


TABLE XXI-236 


Fatty acid content. % 10 12 15 20 
Coconut or palm kennel! oil) kgs ee — J05 (26 15.75 21.0 
Potash’ lye) (50> Bé)e(approx.)s) kg. 22 5.4 6.5 8.1 10.8 


Water (with the addition, if needed, of 0.5% KCI), ke. — 78.0 [760 75.0 66.0 
“Strengthening” agent (z.e., emulsifying and wetting agent) 


of the turkey red oil type, kg. —____. ey al 12 1.5 2.0 
Thickening agent Korea gums, Carbowaxes, ete.) ~ (ap- 
DION: ko, ee 2 ree wees) 15 -—— -- 


(50% ), to which 10.0 parts water was added previously; (b) 60 parts palm 
kernel oil, 30.7 parts KOH (50%), to which 10.0 parts water was added 
previously. The soap is produced as described in the chapter on cold-made 
soaps (Chapter XIX). After the soap has saponified completely in the 
frames, it is flaked and kept in closed containers. 


TABLE XXI-3 

Fatty acid content, % 10 12 15 20 
Coconnt oil ar palm kernel ail, kg. - Eee nae 6.5 8.0 100 14.0 
Linseed ar sayhean ail, kg Ld ae : . — 40 4.4 55 7.0 
Potash lye (50° Bé) (approx.), ke. = 50 6.0 7.45 10.0 
Water (with addition, if required, oe 0.5% KCl), kg 82.0 79.0 76.0 67.0 
Strengthening agent, kg. : 1.0 1 15) 2.0 
Thickening agent (approx. ekg: eae = LAs 1.0 -- -~ 


When used for liquid soaps the potash soap flakes are dissolved in a suit- 
able amount of water, with the addition of 0.5% potassium chloride as de- 
scribed for dissolving soft soaps. The following formula gives the amount 
of soap with different fatty acid content to be dissolved in distilled or deion- 
ized water to produce 100 parts liquid soap: 


e=b/ax 100 


where a= fatty acid content of soap concentrate, b = fatty acid content of 
liquid soap aimed at, and c = parts of soap concentrate to be dissolved. 


86 Oculus, Seifensieder Ztg., 63, 696 (1936). 
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It is possible to prepare cheap liquid soaps from common transparent soft 
soap (see Chapter XIX-3), especially if the soft soap for this purpose does 
not contain additions of salts (soda ash, etc.). To prepare a liquid soap 
with 15% fatty acid content: 37 parts of transparent soft soap with 40% fatty 
acid is dissolved in 63 parts of distilled or deionized water, with the addition 
of 1-2% “strengthening” agent, e.g., turkey red oil (clearly soluble in water) 
or a non-ionic detergent. 

The ready-made soft soap, most suitably a soap from a fat charge contain- 
ing some 10-15% coconut oil, is dissolved in one-third of the water and 
heated. After the soap has been completely dissolved, the remainder of the 
water is added. 


TABLE XXI-487 


Liquid polyethylene glycols of mol. wt.: 


Test 
s q 7 200 800 400 600 
Freezing range, °C. ee ee Supercools —15to8 7-10 20-25 
Sp. gr. at 20/20°C. A IAP 13) 1.413 1.13 
Hlashwpoin teehee x 350 385 435 > 450 
Saybolt viscosity at 210°F., sec. 38-41 42-16 45-55 60-70 
Water soly. at 20°C., by wt. Complete Complete Complete Complete 
Comparative hygroscopicity, glycol = 100 90 70 60 50 
pee ir ' Carbowax Fecnasnk e mol. whe 
Test ie eee ee ora a 
_ ; 1000 1500 1540 4000 6000 
Freezing range, °C. _. eee SR 35-40 40-45 50-55 58-62 
Sp. gr. at 20/20°C. Se 1,15 1.15 12) _ 
Flash point, °F. eo, SK) 430 >450 > 475 > 475 
Saybolt viscosity at 210°F., sec. ... _ 80-100 60-90 100-150 500-700 6000-7500 
Water soly. at 20°C., by wt. 70 73 70 62 approx. 50 
Comparative hygroscopicity, glycol = 100 5) 30 5 1 alt 


Of interest here as thickening agents are the Carbowaxes.*? These are 
polyhydroxy ethylene glycols of general formula CH,OH(CH,OCH,),— 
CH,OH. The Carbowaxes comprise a series of products that include both 
liquids and waxlike solids, as can be seen from the data in Table XXI-4. All 
are unctuous but water soluble—a combination of properties long desired for 
many applications in industry. It is easy to understand that these compounds 
are valuable additives for textile soaps and they may also prove to be of value 
for toilet soaps. 

Other thickening agents are solutions of methylcellulose, sodium car- 
boxymethylcellulose (C.M.C.). etc. Other additions to liquid soap are listed 
in the chapter on shampoos (Section 4). 


87 Carbide and Carbon Chemical Corp., New York. 
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It is also possible to thicken liquid soaps with inorganic salts such as KC], 
potassium acetate in 1-2% addition®* or even by the use of sodium salts such 
as trisodium phosphate or better tetrasodium pyrophosphate and sodium tri- 
polyphosphate. In the latter case, the production of the more insoluble 
sodium soap by ion exchange may be partly responsible for the thickening. 

The addition of perfumes to liquid soaps should be carried out at low 
temperature. The usual perfumes for soap perfuming are suitable for liquid 
soaps as well, An addition of alcohol (ethyl or propyl alcohols) to the liquid 
soap makes it possible to dissolve the perfumes in the whole amount of alco- 
hol to be used before adding it to the soap. Alcohol has the advantage of 
increasing the solubility of the soaps, thus helping to keep the liquid soap 


Fig. XXI-1. Portable filter and pump unit (courtesy Alsop Engineering Corporation). 


clear. For this reason, percentages of alcohol added are lower for low con- 
centration liquid soaps and higher for higher concentration soaps. The per- 
centages range from 2% for liquid soaps with 15% fatty acid content up to 
10% for soaps with 35% fatty acid content. In case additions of glycerine 
are made, the percentage of alcohol may be considerably lowered. 

A very important problem faces every manufacturer of liquid soaps—the 
clarification of his product. The public prefers a clear, sediment-free liquid 
soap, and the manufacturer must keep this in mind before putting his prod- 
uct on the market. The surest method of clarification is to use a refrigeration 
unit which brings down the temperature of the soap to 5°C. or even below 
and then to filter the cold soap through a filter press or dice filter, eventually 
using a filter aid of the kieselguhr type or alumina, Fig. XXI-1 shows a mul- 


38 Alchemist, 4, No. 9, 217-221 (1950). 
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tiple-disc drum filter. These machines are produced in different sizes. Max- 
imum pressure is 30 p.s.i. 

Other methods include cooling inside cold rooms at temperatures as low 
as possible, but above 0°C., and filtering in the cold room with the help of 
a filter aid through suitable cloth. 

In order to keep the liquid soap clear until it is consumed, the following 
conditions should be met: (1) the containers should be clean, (2) there 
should be no unsaponified fat, (3) there should be some smal! percentage of 
free alkali (0.02%, but not exceeding 0.05% free KOH) and (4) filtering 
should have been carried out in the cold. A small percentage of a suitable 
non-ionic detergent also often helps to prevent cloudiness. 

Liquid soaps are liable to attack to a very slight degree the glass 
containers in which they are kept. which often creates a cloudy appear- 
ance after several months’ storage of an originally brilliantly clear solution. 
The addition of certain sequestering agents which form complexes with these 
siliceous materials is very helpful and prevents this condition.*** The best 
known agent is ethylenediamine tetrasodium acetate, variously known as 
Sequestrene, Nullapon, Versene, etc. A few tenths per cent is all that is re- 
quired. A recent patent®®” covers a similar type of product. Sodium tetra- 
pyrophosphate has also been used for this purpose, but with less permanent 
effect. 

To prevent cloudiness resulting from the storage of alkaline liquid soaps 
in glass containers, U. 5. Patent 2,402,557 by Kranich (1946) prescribes the 
addition of 0.07-2% of commercial sodium silicate to the liquid soap, heating 
to 70°C., allowing to stand for a week, cooling to 4°C. and filtering. The re- 
sulting liquid soap contains traces of silica in a soluble form which prevent 
the attack on the glass by the liquid soap. 

When perfuming liquid soaps, care must be taken to choose a perfume 
material that does not deteriorate under alkaline conditions prevailing in 
liquid soaps. Perfumes containing terpenes should be avoided as well as 
alkaline-sensitive types of perfumes and aromatic chemicals. Many alde- 
hydes are also unsuitable for perfuming liquid soaps, since polymerization 
may occur under alkaline conditions, giving rise to turbidity and discolora- 
tion (e.g., vanillin). Schwarcz*® enumerates some perfumes which are suit- 
able for liquid soaps. They are geranium, patchouli, petitgrain, rosemary, 
spearmint, and bois de rose (see Chapter XXV). Some perfume formulas 
will be found in the chapter on shampoos (Chapter XXI). 

Norwood*® gives an unusual liquid soap formula which may be used in 

38a HY]. Kranich, Soap & Sanit. Chem., 23, No. 11, 33-35 (1947). 

38b F, C. Bersworth, U. S. Pats. 2,461,519 and 2,524,218. 


39 L, Schwarez, Sanitary Products, McNair-Dorland, New York, 1943, p. 96. 
40 W. D. Norwood, Indus. Med., 39, 253-267 (Feb., 1939). 
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munition factories to indicate the presence of T. N. T. or |tetryl on the hands, 
which may easily cause dermatitis. In the presence of these materials the 
potassium sulfate causes the soap to show a purple color. 


Ligiidtsoap Ma ew eee as ee) a ST _ 90-75% 
Potassium sulfate ce pet eee = §5-10% 
Webtlineaa cen Lies een a ee enn 15177) 


The following specifications are of interest. 


(a) Federal specification PS-586: Liquid Laundry Soap. 

Liquid soap for laundry use shall be a clear solution of pure potash (or potash and 
soda) soap with or without glycerol or alcohol and containing not less than 12% by 
weight of a volatile organic solvent or a mixture of such solvents. It shall yield a clear 
solution on mixing with soft water, shall quickly form a satisfactory lather, shall have 
no injurious effect, and leave no objectionable odor on fabrics. Materials washed with 
this soap shall have, after drying, a soft feel and not appear more boardy or stiff than 
when washed with soft water. 

The material shall be a clear solution, shall yield a clear, homogeneous solution on 
mixing with soft water, shall quickly form a satisfactory lather, and shall leave no ob- 
jectionable odor on fabrics. Total anhydrous soap shall be not less than the equivalent 
of 24% potash soap. Total matter insoluble in alcohol shall not exceed 0.5%. Free al- 
kali, calculated as potassium hydroxide (KOH), shall not exceed 0.05%. Chloride, 
calculated as potassium chloride (KCI) shall not exceed 0.3%. Total matter insoluble 
in water shall not exceed 0.1%. Volatile organic solvent shall be not less than 12%. 
All constituents shall be calculated on the basis of the original sample. Fabric washed 
with the liquid soap shall show no more shrinkage or felting than occurs with similar 
fabric washed with soft water at the same temperature. Colored materials when washed 
with this soap shall not fade more than when washed the same number of times at the 
same temperature with soft water alone. 


It is interesting to note here that addition of at least 12% of organic 
volatile solvent is prescribed (see chapter on solvent soaps, Chapter XX). 


(b) Federal specification PS-618: Liquid Toilet Soap. 

Liquid toilet soap shall be a clear solution of pure vegetable oil potash (or potash 
and soda) soap with or without glycerol or alcohol, suitably perfumed, and free from 
all foreign matter. It shall quickly form a satisfactory lather and have no objectionable 
odor on the skin. The odor shall not be objectionable in the soap as received or in a hot 
solution of the soap in water. The material shall not leave any objectionable odor on 
the skin or other surfaces after washing with a water solution of the soap and rinsing 
thoroughly with plain water. Unless otherwise specified, each bidder shall submit with 
his proposal a one-quart sample, placed in a screw-top glass jar, to show odor, color, and 
consistency. The sample so furnished shall be kept for comparison with samples from 
deliveries. 

The material shall be a clear solution, free from objectionable odor, other than from 
coconut oil, and shall form a satisfactory lather. Total anhydrous soap shall be not less 
than the equivalent of 15% potash soap. Total matter insoluble in alcohol shall not ex- 
ceed 0.5%. Free alkali calculated as potassium hydroxide (KOH) shall not exceed 
0.5%. Chloride calculated as potassium chloride (KCl) shall not exceed 0.3%. More 
than traces of sulfates and sugar shall not be present. All constituents shall be calcu- 
lated on the basis of the original sample. 
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(c) A.S.T.M. Standard Specification D799-45 (1945) for Liquid Toilet Soap gives 
the following requirements: 

Liquid toilet soap shall be a clear solution of pure vegetable oil, potash (or potash 
and soda) soap, with or without glycerol or alcohol, free from objectionable odor, and 
shall form a satisfactory lather. It may be mildly perfumed. The odor shall not be ob- 
jectionable in the soap as received, or in a hot solution of the soap in water. The ma- 
terial shall not leave any objectionable odor on the skin or other surfaces, after washing 
with a water solution of the soap and rinsing thoroughly with plain water. 

Chemical Composition 

Liquid toilet soap shall conform to the requirements as to chemical composition 

prescribed. All constituents shall be calculated on the basis of the soap as received. 


Total anhydrous soap, calc. as potash soap, min., % — 15 

Matter insol. in alcohol, max., % — ee. we 0.4 
Tyee Alleah, alte, ee VOL wee, Yh 0.05 
Chloride, calc. as KCl, max., % - ot nena Bee <i aioed 0.3 
Silfates nmin see po a.) Ea eee Trace 
SUpars sax. wee. e-em ee BNE ome, Be ee Pe, SE rece 


The material shall be purchased by a net volume of soap as received. One gallon 
of liquid soap is equal to 231 cu. in. at 15.5°C. (60°F.). 

The material shall be sampled and analyzed in accordance with the Standard Meth- 
ods of Sampling and Chemical Analysis of Soaps and Soap Products (A.S.T.M. Desig- 
nation D-460). The purchaser reserves the right to use any additional available infor- 
mation to ascertain whether the material conforms to these specifications. 

(d) The British Soap Makers’ Association has published the following specifica- 
tions for liquid toilet soap sent for consideration to the British Standards Institution.‘* 
(We quote only the specifications and not the method of analysis.) 

General purpose liquid toilet soap shall consist of an aqueous solution of potassium 
and/or sodium soap made from vegetable oils. It shall be in the form of a clear solu- 
tion at 5°C., shall show no signs of separation, and shall be free from foreign matter 
and impurities. 

It may be supplied perfumed, but if unperfumed shall have no fatty or disagreeable 
odor. A suitable dyestuff may be used. 

Samples taken at random must comply with the following additional regulations: 
(a) When tested by the method given below, the material must contain not less than 
15% by weight fatty acids. (b) The degree of alkalinity should not exceed 0.04% 
calculated as potassium monoxide (K.0). (c) When applied to wet hands the material 
must form quickly a satisfactory lather. The amount of lather produced by the method 
described, using a solution consisting of 1 part liquid soap diluted with 5 times its vol- 
ume of distilled water, shall be not less than 12 times the volume of the solution employed 
in the tests, and after standing for 5 min. shall not be less than 9 times the volume of 
the solution employed in the tests. (d) The soap must have no injurious effect on the 
skin, and must produce no objectionable smell or tacky feeling in use. (e) When stored 
in its original sealed container under normal conditions for a period of six months, the 
soap must show no signs of gelling or other deterioration. It must retain its original 
perfume, if any. (f) There shall be no “seeding out” of solid soap or deposit of solid 
matter standing for 18 hrs. at 0°C. 


41 Manufacturing Chemist, 14, 323 (1945). 
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No liquid toilet soap shall be described as “concentrated” unless it contains a mini- 
mum of 25% by weight fatty acids. 


(2) Transparent Soaps 


There was a time when transparent soaps were very popular, especially in 
Continental countries. Now they have lost much of this popularity and it is 
often very hard to find a transparent soap in the usual retail stores handling 
soap products. Still, transparent soaps may regain some of their popularity, 
especially if there is no shortage of glycerine, sugar, and alcohol, raw ma- 
terials which are important for their manufacture. 

In comparing the value of transparent soaps with ordinary milled toilet 
soap it must be pointed out that a milled soap has a much higher value than 
almost any transparent soap. The cost of producing transparent soaps with 
high fatty acid content is usually much higher than the production costs of a 
milled toilet soap of similar fatty acid content. In addition, a cake of irans- 
parent soap is used up much faster than a cake of milled toilet soap. Still, 
the eye appeal of transparent soaps remains—a fact not to be overlooked by 
a soapmaker, especially in times of keen competition. In principle, transpar- 
ent soaps may be produced from every pure toilet soap by adding a suitable 
solvent, etc., to produce transparency. For example, if a bar of toilet soap is 
dried to about 73% fatty acid and dissolved in industrial methylated spirit 
in a double saucepan over a domestic gas ring until the spirit is boiled off 
and a small quantity of the soap remains clear and bright when cooled on 
a watch glass, it may be run into tin molds to produce a very acceptable 
transparent soap. 

On a plant scale, transparent soaps are generally produced by the semi- 
boiled process. From this fact alone it follows that only pure fats and oils 
may be used as raw materials to ensure a pure transparent appearance of the 
finished soap. 

Tallow,* bleached palm oil, coconut oil or palm kernel oil, castor oil, and 
rosin are the most commonly used raw materials for the fat charge. For fill- 
ing and aids to transparen¢y, sugar, glycerine, and alcohol are the main 
organic raw materials, and sodium carbonate, potassium carbonate, and 
sodium silicate represent the main inorganic raw materials. It is of greatest 
importance that lime should be absent in the raw materials used. (The grade 
of sugar containing traces of calcium should not be used.) It is also impor- 
tant to use soft water only. 

Some formulas for transparent soaps containing alcohol, based on neutral 
fats, follow: 


* Tallow may partly or completely be replaced by hardened oils with a similar titer. 
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A. B Cc D 
Tallow —- 2 a 100 80 40 50 
Cocoanut oil 4 Pane 100 100 40 60 
Castornoless == — 80 80 40 58 
Caustic soda 38° Bé .... 161 133 60 84 
Alcohol es Pes 50 30 40 30 
Glycerine a - 25 — 20 — 
Stir... 1 rere ae ’ 80 90 55 35 
Dissolved in water ras foe 80 80 45 35 


Tallow and coconut oil are melted, at 80°C., suitably in a separate con- 
tainer placed over the soap kettle, fitted with a stirrer and run through a filter 
into the soap kettle. Castor oil is added separately, as it tends to become 
dark if it is superheated, especially the cruder grades which contain some 
mucilaginous substances. It is thus suitable to add the castor oil just before 
the caustic lye is added to the fat charge. The caustic lye mixed with the al- 
cohol is run in a rather strong stream into the fat charge under constant stir- 
ring. The presence of the alcohol accelerates the saponification process 
considerably. Since the kettle is jacketed, the temperature may he regulated 
in order not to allow the temperature to rise above 75°C. After the saponifi- 
cation is complete (a sample withdrawn is clearly soluble in distilled water) , 
the stirrer is switched off and the kettle left covered for some time. In a sep- 
arate container or kettle the sugar solution is prepared by dissolving the 
sugar in warm water at 80°C. Any froth formed at the surface is removed. 
The next step is to add first to the soap mass in the kettle any glycerine used 
and then the warm sugar solution. This is carried out under constant stir- 
ring. At this stage the free alkali content is adjusted. If it was found too 
high, coconut fatty acids are added. Roughly every per cent of free NaOH 
corresponds to 5.3% coconut fatty acids. The free alkali content should 
not be higher than 0.15% as NaOH. (The Swiss specification permits only 
0.1% free NaOH.) Generally, the same procedure should be followed as 
described for the manufacture of semiboiled soaps. Then the kettle is cov- 
ered again and left standing until the temperature falls to 60°C., at which 
point perfume and color solution are added. The color solution is prepared 
beforehand by dissolving water-soluble color in hot water and filtering 
through a cloth. After coloring and perfuming, the soap mass is run into 
frames (see Chapter XIX on semiboiled and cold soaps). 

It is possible to produce good transparent soaps from a fat charge con- 
taining a high percentage of rosin. Fisher‘? gives the following description 
for the manufacture of such rosin-containing soaps: 


42 W. J. W. Fisher, Soap, Perfumery & Cosmetics, 11, 520 (1938). 
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To produce a medium grade of transparent soap the following charge can be used: 


Parts by weight 


Mall OW eee Se 75 
Coconut oil as << sen: De 75 
Rosin W. W. ~ cee Mea ee ieee 50 
Caustic soda (37° Bé) ae ew 100 
Spirit — Ee aan a * 80 
Sugar + 40 
SVE CE ig aed ah ha re a) 40 


The soap proper may be made either by the semiboiled or the! fitted process. If 
made on the former principle the temperature must be kept as low as possible, and 
plenty of time given for saponification. When this is complete the sugar solution is 
added at the same temperature as the soap. When all is added and the soap is thin and 
free from lumps, the spirit is added, together with any coloring matter. The perfume is 
incorporated just before running into frames. 

lf a slightly better soap is required the spirit may be increased, and the sugar and 
water decreased in the same proportion. There is considerable risk of the soap losing 
its colloidal state, and crystals may form in the center of the frame if the sugar solution 
is reduced to below 30 parts in the last charge given, unless the frames are very small 
or the soap is run into moulds. 


Another series of formulas for transparent soap is given by Pfafi:* 


A B c 
Tallow ocofat ian ap 42 58 34 
Coconut oil 42 17 33 
Castor oil 10 8 -—— 
Rosin 6 aly/ 33 
Caustic soda (38° Bé) z 49 47 46 
Glycerine , — 25 13.5 
Sugar . ee 19.5 - 
ia termee We a 19.5 — 
Alcohol Sauer ; 42 25 33.5 
PAD DLOL a VLCLC eee green a : _ 230 197 193 


It is possible to produce high-grade transparent soaps from fat charges 
containing a high percentage of stearine as well. Ghose** describes the fol- 
lowing process for the production of transparent soap withstanding shrinkage 
and of nonhygroscopic nature: 


Stéarine ie: ea ee tenn ee, ean 35 parts 
Castor oil 25 parts 
Coconut oil aes, a ae 1 40 parts 
Caustic soda soln. (37° Bé) omens 50 parts 


43K. Pfaff, Riechstoffind. u. Kosmetik, 11 (1935). 
#4 A, N. Ghose, Soap, Perfumery and Cosmetics, 11, 234-236 (1938). 
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Siar chy. Gay Teh we — 50 parts 

Gly cerineuee eas. ee ee. 2 ee ee 30 parts 
Alcohol (rec. spirit) neve 50 parts or more 
Spirit-soluble color, if required —... q.s. 
Sulfeblespertume | Oebwee weet See Ne ae QS. 


Saponification is accomplished with caustic soda. The stearine, oil, etc., are warmed 
and filtered to-remove suspended impurities. The caustic soda solution is mixed with 
15 parts of alcohol and added to the melted oil stock at intervals at a temperature be- 
tween 60 and 70°C. The vessel is kept on a water bath, where the desired temperature 
may be maintained during the operation. In order to prevent evaporation of alcohol and 
other volatile materials, the vessel must have a lid that fits tightly—it being a useful 
precaution in most cases to wrap a wet rag tightly round the lid to stop any further 
leakage. The following precautions should be taken, both during saponification and 
after: 

(1) Alcoholic caustic soda should be used for rapid saponification. 

(2) The temperature of the hot soap should not exceed 80°C. to 85°C. after the 
whole of the rectified spirit has been added. 

(3) Two hours at least should be allowed for saponification. 

(4) The sugar solution and glycerine should be added hot, after saponification. 

(5) Color, if added, should be dissolved in some of the alcohol and must be clearly 
soluble in the latter, leaving no residue. The color solution must be filtered before use. 

(6) Rapid cooling of the liquid soap (by means of mechanical devices such as a 
cold-water cooling frame) is essential for maximum transparency. 


Ghose gives the following valuable tabulation of difficulties encountered 
in the preparation of transparent soaps together with suggestions of how to 
avoid them: 


Turbidity. If this occurs, it is due to one of the following causes: (a) incomplete 
saponification, (b) insufficient alkali—the free oil or fat causing turbidity, (c) incorrect 
selection of oil stock (if only coconut oil is used, the soap will be turbid). 

Opacity. If the soap is insufficiently transparent, besides the above causes, it may 
be due to one of the following: (a) loss of alcohol by evaporation, (6) insufficient sugar 
and glycerine, (c) suspended impurities in the raw materials, (d) insoluble color or 
perfume. 

Sofiness, If the soap is too soft, it may be due to: (a) excess of soft fat, oil, or 
fatty acid, (6) excess of moisture, (c) insufficient alkali, (d) too little time allowed 
for saponification. 

Alcoholic Odor. Sometirnes the soap possesses an unduly strong alcoholic odor 
which is due to one of the following causes: (a) excessive use of spirit (use less or re- 
place it with glucose, sugar sirup, glycerine, etc.), (5) insufficient fixatives in the spirit 
(e.g., aromatic gums, balsams and resins, such as gum benzoin, Peru and Tolu balsams, 
etc.), (c) failure to recover the alcohol after saponification. 

The recommended procedure when boiling the soap is to melt the fats and oils on a 
water bath or in a jacketed pan. The caustic soda solution is mixed with some of the 
alcohol and slowly poured over the fatty charge. The vessel is then closed and, after 
ten minutes, the lid is opened, the soap stirred, and the lid replaced. The boiling should 
take about half an hour longer, after which the rest of the alcohol is added. The heat 
is then reduced, and the pan allowed to cool, the contents being stirred occasionally, with 
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due care being taken to avoid the escape of alcoholic vapor. After another half hour, the 
glycerine, sugar, etc. are added, and the soap is ready. The heat is then completely shut 
off and the perfume and alcoholic color solution added. It should be noted that some 
provision must be made for keeping the soap liquor sufficiently warm, as otherwise diffi- 
culty will be experienced in pouring it when required. If the liquor is very thick it 
may be diluted with a little alcohol before pouring. 


In a later publication, Ghose*® gives other compositions for transparent 
soap (see Table XXI-5). 


TABLE XXI-543 


Ingredient ul I 

Stearin _.__. ae Ae oes 40 45 
Coconita ci] =e errs : % 50 Do 
Castor oil es rer a 5 5 
Rosin — ih An ae eee 5 = 
Caustic soda (37° Bé) 50 50 
SWIPES eee ee ee 20 20 
Dissolved in water ae.) Serre ze. 10 10 
AlConol pi ate 8. 2 me eee, Sear 40 35 
Gly Cerines , amt. eiemee- _ enneenne eee enna gee 10 -- 


We want to point out here, before describing transparent soaps without 
alcohol, that it is possible to replace some of the ethyl alcohol with isopropyl 
aleohol and some of the glycerine with glycol and propylene glycol, etc. The 
addition of Carbowaxes (Carbide & Carbon Chemicals Corporation. See 
Section 4, this chapter, and Table XXI-4) may improve the quality of the 
soap and replace some of the sugar. 

Some formulas for the production of transparent soaps without alcohol 
follow: 


Formula 1. 75 parts high-grade coconut oil, 65 tallow, 55 castor oil, 98 caustic soda 
(38° Bé), 5 potassium nitrate, 6 soda ash (dissolved in 30 hot water), 65 sugar (dis- 
solved in 65 hot water), 25 filling solution, 40 glycerine. The stock filling solution con- 
sists of: 5 parts potassium chloride, 3 potassium carbonate, 2 soda ash, 7 common salt, 
68 water. 

Formula II, 52 parts tallow, 60 coconut oil, 56 castor oil, 84 caustic soda (38° Bé), 
50 sugar (dissolved in 50 hot water), 12 soda ash (dissolved in 40 hot water), 40-80 
filling solution prepared from an 8° Bé brine to which potash carbonate is added until 
it reaches a strength of 12-13° Bé. 


The method of manufacture is as follows. In a steam-jacketed kettle 
fitted with a stirring mechanism the fats are melted and brought to a tempera- 
ture of 60°C. The steam is shut off and caustic lye is added and then stirred 
into the fat charge until thickening occurs. Then steam is opened again and 


the saponification is hrought to an end, approximately aftcr 30 60 minutes. 


40 A, N. Ghose, Indian Soap J., 6, 256-258 (1940). 
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After complete saponification (clear solubility of a withdrawn sample in 
water) the free alkali content is adjusted as already described with coconut 
oil fatty acids (0.3-0.4% free NaOH). Then glycerine, the hot sugar solu- 
tion, and the hot soda ash and potassium nitrate solution are added, and, 
after the temperature has fallen to about 65°C., the warm (60-65°C.) filling 
solution. After this, perfume and a clear color solution are added and the 
soap is run into frames, where it should remain for 6-8 weeks to develop 
transparency. 

It is possible to saponify the fat charge with the caustic lye and to add 
after complete saponification a previously prepared filling solution, con- 
sisting of inorganic salts dissolved in the sugar solution. 

Some formulas follow for this method without glycerine :** 

Formula I. 29 parts tallow, 36 coconut oil, 35 castor oil, 51.5 caustic soda 


(38° Bé), 92.5 filling solution (consists of 34% sugar, 3.5% soda ash, 2.5% common 
salt, 1.5% potash, 58.5% water). 


Formula II. 53 parts tallow, 34 coconut oil, 31 castor oil, 50 caustic soda (38° Bé), 
80 filling solution (consists of 35% sugar, 4% soda ash, 4% potassium nitrate, 3% com- 
mon salt, 2% potash, 52% water). 


TABLE XXI-647 


Formula 
Constituents 

I II 
Tallow : eee eee e 60 60 
@livemoil! Dnt: Sige cemtie h 2 A mee ore oeeere 12 12 
Coconutmol) ae ee ae == 1} 8 
Castar oil areal Se a Severe. 10 10 
Caustic soda (38° Bé) cg eer. eet IAG) 46 
Palm kernel oil fatty acids 220. eu —_ 10 
(CIV Centric yaeeemere. <. alee. ieee pees = 25 


These transparent soaps are of lower quality and are not to be used for 
very sensitive skins. 

Tt is possible to produce milled transparent soaps as well. German Pat- 
ent 574,927 gives the following formulas for such milled soaps: 

Formula I. 61 parts tallow, 18 coconut oil, 11 castor oil, 10 rosin, 45.8 caustic soda 
(38° Bé). 

Formula II. 92 parts palm oil, 8 rosin, 42.9 caustic soda (38° Be). 

The hot soap is chilled in a thin layer over rolls and then plodded. The 
temperature falls from 90-100°C. to about 20°C. in about 2-3 seconds. 
Thus, the soap layer on the chilling rolls must be very thin. 

Other formulas for milled transparent soaps based on a similar process 
are given by Bennett*? in Table XXI-6. 


46 Oculus, Seifensieder Zig., 63, 97 (1936). 
47H. Bennett, Formulas for Profit, World Pub. Co., New York, 1939, p. 484. 
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On the basis of transparent soaps it is possible to produce specialities of a 
different kind. If the warm soap is poured from the kettle into small molds 
of the size of the finished soap cake it is possible to insert in the mold toys, 
name plates, etc. Any printing on the plate must be done with alkali-resisting 
printing ink. This is a somewhat complicated procedure and only feasible 
when a good price can be obtained for such specialities. The same applies to 
the method described by Ghose** for inserting name plates into cakes of 
transparent soap. A slit in one side of the soap cake is made with a sharp 
knife or a suitable slitting machine and the name plate is inserted into the slit. 

Furthermore, it is possible to add to the still liquid soap small cuttings 
of very hard milled toilet soap, distributing them as fast as possible in the 
soap mass and pouring the soap into small-size water-cooled frames, where 
cooling proceeds rapidly. Thus, a kind of hard transparent figged soap may 
be obtained. 

Perfumes used for transparent soaps may be the same as for common 
toilet but, as they are usually added at elevated temperatures they must be of 
the more alkali-resistant types. 

Usually, 0.8-1.5% of the perfume composition is used. Some typical 
formulas are: (a) 75 oil of cloves, 75 oil of geranium (synthetic). (6) 150 
oil of geranium, 20 oil of cloves, 75 oil of bergamot. (c) 125 oil of violet, 
60 oil of geranium, 125 oil of bergamot. (d) 200 petit grain oil, 200 oil of 
geranium (synthetic), 100 oil of palmarosa, 100 gingergrass oil. (e) 40 oil 
of citronella, 40 benzyl acetate. 

Colors for transparent soaps must be clearly soluble in water and resist- 
ant to alkali. To produce a certain fluorescence, 5-10 g. fluorescein may be 
used for 100 kg. soap. 

The older concept of the structure of transparent soap was that common 
transparent soaps are quite isotropic and devoid of crystalline structure. 
They were considered essentially as undercooled amorphous soap gels.*® I. 
Alexander found in the ultramiscroscope that slow cooling can produce large 
distinct crystals in a clear matrix. The soap thereupon becomes opaque, due 
to irregular scattering by the large randomly arranged crystals and clefts be- 
tween them. 

More recent investigations by Tyutyunnikov, Pleshkova, and Chernich- 
kina®® confirmed, in principle, the findings of Richardson, The Russian in- 
vestigators used a polarizing microscope and found that the glassy condition 
of a transparent soap may represent a metastable system in which crystalliza- 


48 A. N. Ghose, Soap, Perfumery and Cosmetics, 11, 236 (1938). 

49'W. D. Richardson, J. Am. Chem. Soc., 30, 414 (1908). K. Mac Lennan, J. Soc. 
Chem. Ind. (Trans.), 40, 27 (1921). 

50 B. Tyutyunnikov, Z. Pleshkova, and A. S. Chernichkina, Seifensieder-Ztg., 68, 193- 
194, 205-206, 215-216, 227-228, 237 (1941). 
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tion is inhibited by undercooling. McBain and Ross*' investigated the prob- 
lem again by submitting two samples of Pears soap to x-ray investigation. 
The first was a sample made in England twenty years ago and the second was 
one of recent manufacture, purchased in the United States. The two looked 
very similar in spite of the great difference in age. Both the old and the 
new bars of Pears soap gave an x-ray pattern that immediately proved that 
they were definitely crystalline; they were not even merely liquid-crystalline 
as far as the main material was concerned. By analyzing the x-ray diagram, 
McBain and Ross came io the following conclusion: The difference between 
ordinary opaque or semi-opaque soap and transparent soap consists essen- 
tially in the very much finer size of the crystalline particles of the latter. The 
bar is transparent because the extremely small crystalline particles are too 
small to provide optical discontinuities when compared with the wavelength 
of ordinary light. A transparent soap, such as Pears soap, is shown to con- 
sist of a mass of fine ultramicroscopic crystallites, scattering light and ar- 
ranged completely at random. Storage for twenty years at room temperature 
does not appreciably affect this structure. 


(3) Shaving Soaps 


The following types of shaving soap preparations are on the market: (1) 
Shaving bars to be used with the old fashioned shaving cups, or sold in 
wooden mugs. Produced on similar lines are the less important shaving 
powder and the more modern shaving stick. (2) Shaving cream, produced 
along similar lines, and the less important liquid shaving soap. (3) Brush- 
less shaving cream. 


(A) Swavine Bars AND STICKS 


In principle, these soaps are produced from high-grade raw materials so 
that a boiling on niger becomes unnecessary and the ready saponified soap is 
simply “run.” The method of manufacture is usually by the semiboiled proc- 
ess or by the cold process, the latter being less suitable. 

The requirements of a good shaving soap are quick and copious lathering, 
softening effect on the hair, and no detrimental effect on the skin such as 
“biting” during application, during the actual shaving, or after the shave. 
Besides, the soap should not have a corrosive effect on the blade. 

To meet these requirements, shaving soaps must be prepared from a 
properly balanced fat charge, properly saponified (no free alkali!) , and they 
are usually superfatted with a certain amount of free stearic acid which is left 
unsaponified. For solid shaving soap, 2-3% free stearic acid is recom- 
mended. The saponification lye is a mixture of caustic potash and soda. 


51 J. W. McBain and S. Ross, Oil & Soap, 21, 97-98 (1944). 
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The proportion of NaOH: KOH is usually about 1:1 up to 1:2. The 
amount of coconut oil used should usually not be less than 20% of the fat 
charge. An addition of 3-8% glycerine is advantageous. 

The following formulas are examples of shaving soap in bar form which 
may be run into forms, or the frames may be cut later on, or it may be pressed 
into wooden mugs or cups. 


Ingredient a b 
White tallow eae ease 600 parts 650 parts 
White lard) 8-88 0 ee ee a ee 200 -- 
Olive ont. 2 ee le” 100 
Coconut oi] See a, PAT) 250 


Caustic soda (38° Bé) ___ 3 240 240 
Caustic potash (50° Bé) __.___. os BE 25) 220 
Glycerine ements « a eiea F5() 80 


The melted fat charge is run into the crutcher, glycerine is added, and 
the lye mixture is run into the fat charge at about 70-80°C. LEither the fat 
charge is saponified under constant but slow stirring in the crutcher or it 
may be saponified at boiling temperature with open steam. In this case, the 
lye mixture must be added in portions as described in the chapter on soap 
boiling (Chapter XVII). Usually, the semiboiled process is preferred. 
Should the mass in the crutcher become too thick, a small amount of potas- 
sium chloride solution (20° Bé) may be added. 

Usually, the soap in the crutcher is adjusted so that the fat charge is com- 
pletely saponified (a small sample withdrawn is clearly soluble in boiling dis- 
tilled water) and a certain amount of free alkali remains. The free alkali is 
then neutralized with molten stearic acid, so that a surplus of 2-3% free 
stearic acid remains (see Chapter XX XIX, 5). 

The above two formulas give soaps of the more old fashioned type. Espe- 
cially when a high percentage of tallow and/or lard is used, the soap may 
tend to have a specific “soapy” odor. Under all circumstances only high 
grade white odorless tallow or lard should be used. To prevent this odor, 
high percentages of perfume have to be used. However, if a certain amount 
of sodium thiosulfate is added after saponification is complete, this odor does 
not arise. 0.5-0.75 sodium thiosulfate dissolved in equal parts of distilled 
water is added to the ready saponified soap before pouring into forms. The 
perfumes are also added at this time. 

More modern types of shaving soaps are produced with fat charges con- 
taining high percentages of stearic acid. These soaps are usually white in 
appearance and are easy to produce by the semiboiled method, the most 
favored method for the production of shaving soaps:*? 


52K. G. Thomssen and C. R. Kemp, Modern Soap Making, MacNair-Dorland, New 
York, 1937, p. 202. 
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A B Cc 

Stearicwacit: aw) 2 ae 62 parts 400 parts 207 parts 
White tallaw —_ I ak - 62 400 180 
(G@ocomipasollh ae er ee ES 900 108 
Canstiec potash (22° Be) eee — 90 108 
(39° Be) 88.5 — — 
Caustic soda (38° Bé) _.... ... cou 175 _— 
(39° Bé) x 85.0 — — 
(40° Bé) eee Ee — 132 
Glycerine — eee ) YD) 50 -- 


The molten fat charge is run into the crutcher, glycerine is added, and the 
lye mixture is run into the fat charge with constant stirring at about 40-45°C, 
After the fat charge is completely saponified, the free alkali is neutralized with 
a surplus of stearic acid, and the ready soap is run into forms. A certain 
amount of 1% turkey red oil may be added to the adjusted soap before 
pouring. 

Perfumes are added suitably, together with the turkey red oil in which 
the perfumes are soluble. To ensure complete homogeneity it may be ad- 
visable to pump the hot liquid soap from the bottom of the kettle and to 
reintroduce it at the top. In this case, care must be taken that the soap does 
not solidify in the pipes, or they become clogged and it is very difficult to 
free them again. The pipes should therefore be insulated and pumping 
should be carried out not below 80°C. 

It is possible to produce shaving soaps in bar form by the cold process. 
However, this is not recommended, as it is impossible to adjust the free fatty 
acid content by addition of stearic acid. In order to produce a neutral su- 
perfatted shaving soap by the cold process it is only possible to calculate the 
saponification lye so that some unsaponified fat remains. However, this 
makes the soap much more liable to rancidity. Still, the method is often con- 
sidered convenient. It is also possible to saponify the fat charge with the 
exactly calculated amount of caustic lye and to add 2-3% lanolin to the fat 
charge. In this case, the soap will be neutral and free lanolin or at least the 
unsaponified part of it, will remain as superfatting. The following are ex- 
amples of cold-made shaving soaps to which lanolin is added as described: 


A B c D 
Coconut oil _. ll parts 6parts 9parts 10 parts 
White lard BOE 3 3 _ 
White tallow ; mt 22 23 28 35 
Castor oil ate. 2 _— 3 _— 
Olive orl) 22 ee 1 2 3 — —_ 
Caustic soda (38° Bé) ° : 10 = 10 14 
Caustic potash (38° Bé) — _.. = 8 — 10 10 


Sesame, peanut, or olive oils —__- 5 
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The method of manufacture is as usual with cold-made soap (see Chap. 
XIX, 4). Usually the caustic soda is added first and then the caustic pot- 
ash, The temperature of the fat charge is kept a few degrees higher than 
the melting point. After thickening, the mass is poured into frames, where 
the saponification process is completed. The perfume must be added to the 
fat charge. No free alkali should remain in the soap. 

In certain cases, shaving bars may be made as follows. A soft potash 
soap is made by the semiboiled process and superfatted with stearic acid. 
This base is then added to a standard soda soap base of the proper fat mix- 
ture which has been dried and flaked to a moisture content of 12-14%. The 
ratio of soda soap base to potash base must be fairly high and may run 2: 1. 
This mixture is amalgamated in the usual way, milled, and plodded. The 
plodded bars are then cut and pressed into the shaving mugs or cups, or into 
molds, and wrapped as refills for the mugs. The advantage of this process is 
that it gives a firm hard cake which lasts for a long time with very little 
shrinkage. 

Some formulas for shaving sticks are as follows: 


A B 
Coconut oil ee es, ee 280 parts 25 parts 
Stearic acid (triple pressed) Oe  . 900 75 
Glycerine .- ee ee ee 70 a 
Caustic soda (35° Be) - = a | Oy 
(BERS BO) ge 2. a 20 
Caustic potash (50° Be) 505 20 


The molten fat charge is saponified with the lye mixture by the semi- 
boiled method in the crutcher after the glycerine has been added. Complete 
saponification ensured, the eventual free alkali is neutralized with stearic acid 
so that 2-3% remains free. It is also possible to adjust the free stearic acid 
to 1% and to add 1-2% glyceryl monostearate. These soaps are usually 
pressed, milled, and plodded, as noted above, and the perfume is added dur- 
ing the milling process. About 0.2% titanium dioxide may be added to in- 
crease whiteness. 

It is possible to produce powdered shaving soap from the dried flakes of 
such soaps. In this case the proportion of caustic potash and caustic soda 
may be changed, so that more caustic soda is used. However, formula b is 
well suited, as it stands for the production of powdered shaving soap. The 
flakes from this soap may be mixed with 25-35% of previously prepared 
dried tallow soap chips. 10% starch may be added as well. Powdered prod- 
ucts have a large scale with commercial barber shops where their use is 
economical and sanitary. Certain types of electric lather dispensers operate 
entirely on powders, 
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(B) SHavinc CREAMS 


More and more shaving soaps have been replaced by shaving creams. 
Convenience in use and quicker lathering properties, together with the pleas- 
ant appearance are the attributes of a properly prepared shaving cream. 
However, the production of a shaving cream is much more difficult than the 
production of a shaving bar or stick, 

What are the qualities that are demanded nowadays in a good lathering 
shaving cream? First, the cream must quickly work up a thick, smooth 
lather. Second, it must not cause irritation of the skin at any time or leave 
the slightest unpleasant effect during and after the shave. Third, the cream 
should be of fine consistency and pleasing to the eye; one with a beautiful 
pearly luster is considered most desirable. To these qualities must be added 
that the cream must be practically unchanged in consistency at a temperature 
range of 15-38°C., the most difficult requirement to be fulfilled! 

In order to produce a cream corresponding to all these requirements, two 
main points must be considered. First, the proportion of caustic soda to 
caustic potash—which ranges from 1:4 to 8:1. Second, the percentage of 
coconut oil in the fat charge—which ranges from 20% calculated on the fat 
charge as minimum up to 40% which we consider as maximum. 

It is also recommended that neutral fat should be used, in small percent- 
ages only, with the exception of the coconut oil, which is generally employed 
as neutral fat. A certain amount of glycerine is recommended, 4—-15%—. 
calculated on the finished product. 

Glycerine may be replaced by diethylene glycol monoethyl ether, which 
is claimed to have greater softening effect on the beard with less harsh effect 
on the skin, in addition to enhancing the shaving value of a ready lathering 
soap. Foam stability may be increased by adding 2-3% of sorbitol sirup 
after complete saponification of the fat charge.°? The amount of free fatty 
acid—as stearic acid—should be adjusted between 4 and 6% (calculated on 
the finished product). The fat content should not be lower than 36% and 
not higher than 45%. 

Some typical formulas for shaving creams are:°‘ 

I 
30 parts coconut oil 
73 parts stearic acid 
48 parts caustic potash (37° Bé) 
15 parts glycerine 


9.5 parts caustic soda (38° Bé) 
95 parts water 


53M. J. de Navarre, The Chemistry and Manufacture of Cosmetics, Van Nostrand, 
New York, 1941, p. 428. 

54 J, Davidsohn and A. Davidsohn, American Perfumer, 38, 35 (1939). E, J. Better, 
Deutsche Parf. Ztg., 18, 89 (1932). 
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Il 
130 parts stearic acid |  [ 135 stearic acid 
35 parts coconut oil Yor | 35 coconut oil 
14.5 parts white tallow | | 10 olive oil 


56 parts glycerine 
85.2 parts caustic potash (38° Be) 
15 parts caustic soda (38° Bé) 
130 parts water 
6 parts boric acid 


We will discuss the second formula as an example. First, the coconut oil 
and the olive oil mixed with one third of the glycerine is saponified either 
separately by the cold method or in the crutcher by the semiboiled method 
with the whole amount of caustic soda and about 8.5 parts of caustic potash. 
After complete saponification (clear solubility in distilled water) the re- 
mainder of the glycerine, caustic potash, and 60 parts of water is added and 
the mixture is heated until a clear solution results. Then the molten stearic 
acid is run in and, during the process of adding the stearic acid, a previously 
prepared hot solution of boric acid in the remaining water is added. This 
keeps the mass in the kettle “open.’’ During the whole process the agitator 
should work at about 10 r.p.m. to prevent aeration. After the whole 
process is finished, stirring is continued as long as possible and the soap is 
poured as a thick mass into large containers, usually of Monel or stainless 
steel. The cream is brought into cold storage or cellars where it is left for 
about a fortnight to “set-up” at a temperature of about 15°C. The cream is 
mixed every day or second day. During this storage process it changes con- 
sistency and becomes soft and creamy with a pearly luster. Perfume may he 
added at any time during this mixing process. 

Such cream corresponds to all requirements of the Federal Specification 
for shaving creams, which is quoted in abridged form at the end of this sec- 
tion. 

Addition of triethanolamine and turkey red oil is an asset as a regulator 
of consistency and because of the excellent properties these additions impart 
to the cream. They may be made part of the original formula. For example, 
in the formula above, 11 parts of stearic acid is saponified with 5.5 parts of 
tricthanolamine in 11 parts of water at 80°C., stirred until a smooth trans- 
parent soap results, and added along with 1% turkey red oil (calculated on 
the cream) to the finished soap prior to the addition of the perfume. 

Some difficulties arise when the free fatty acid content is adjusted with 
boric acid alone; this is due to the nature of boric acid itself. If 2% boric 
acid is added to a cream, fatty acid content as high as 5% may be found by 
titrating the free fatty acid directly on a sample of cream dissolved in neu- 
ralized alcohol, but only 2% free fatty acid is found if the unsaponified and 
unsaponifiable fatty matter previously extracted (according to standard 
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method) are titrated and redissolved after evaporating the petroleum ether 
in a neutral alcohol-ether (1:1) mixture. (Of course, the latter result is the 
correct one.) There seems to be an equilibrium between free boric acid and 
soap, and the splitting of soap by boric acid is not complete. Not all the 
boric acid reacts, but is later titrated as free fatty acid, which gives too high 
results. 

It is very often of advantage to have in stock a shaving cream saponified 
only with caustic potash which may be added to a nermal potash-soda cream 
in varying proportions during the perfuming process to regulate the consist- 
ency of the final cream. By adding this potash cream the proportion of 
K : Na may be adjusted somewhat, so that in case of difficulties of consistency 
it is not necessary to produce a new batch of shaving cream with altered 
K : Na proportion. 

Another point is that, according to our experience, the total fatty acids 
separated from a good shaving cream usually show a neutralization value of 
about 210 and a titer about 48-49°C. According to Auch®® titers of 50-52°C. 
were also found in popular shaving creams. Titers lower than 48°, however, 
will usually be found with shaving creams that may be quick lathering but do 
not show a thick creamy lather as in creams with high percentages of stearic 
acid. 

Given below are some formulas of different authorities: 


135 parts stearic acid 
33 parts coconut oil 
20 parts caustic soda, 36° Bé 
84 parts caustic potash, 36° Bé 
24 parts glycerine 
165 parts distilled water 
5 parts boric acid 
14 parts triethanolamine 
10 parts potash solution (18% K:COs) 
10 parts potash solution (40%) 
500 parts total 


The cream is prepared as described below, starting with the lye mixture pre- 
pared as follows: 


20 parts caustic soda, 36° Bé 
84 parts caustic potash, 36° Bé 
24 parts glycerine 
14 parts triethanolamine 

120 parts distilled water 


258 parts total 


120 parts of this mixture is brought into the saponification vessel and 
heated to 80°C. In a separate vessel, 40 parts stearic acid and 33 parts coco- 


55 Soap, 11, 23 (March, 1935). 
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nut oil are melted and heated to 80°C. This fat mixture is run into the warm 
lye mixture with constant stirring and 10 parts of 18% potash solution is 
added. The temperature is kept at 90°C. Now 5 parts of boric acid dissolved 
in 45 parts of hot distilled water is added and, later, in 10 parts of 40% pot- 
ash solution. The remaining warm lye at 80°C. and the remaining molten 
stearic acid are run into this thin liquid soap mass. The cream is adjusted 
with stearic acid to a free fatty acid content of 0.3-0.5%. After cooling to 
30°C., a superfatting mixture composed of 4 parts lanolin, 5 parts glycerine, 
and 1 part lecithin is added to the cream and the perfume is added as well. 
The cream is stored for 2-3 weeks, being carefully mixed every 2 or 3 days.** 
Another formula is given by Harry:*” 


Stearic acid 30.0% 
Coconut oil 10.0% 
Palm kernel oil _ 5.0% 
Pure KOH 7.0% 
Pure NaOH Mies eee 1.5% 
Glycerine : - ak ee 10.0% 
Wate tte poet te eee 36.5% 
Perfume - See. ae ee eee ee q.s. 


The following two creams are built completely on fatty acids:** 


(1) (2) 
Coconut oil fatty acids —_. .... 8.2  Myristic acid hs : 
Myristic acid Le ae 6.3 Palm oil fatty acids 
Tallow fatty acids «295 2 Tallow fatty acids 
Stearic acid _ _... 12.5 “Stearic acid 


Caustic potash (ale 63 KOH 100%) 3.4 


Caustic potash 


Caustic soda (calc. as NaOH 100%) 1.0 Caustic soda 


Triethanolamine ee 4,7  Triethanolamine —_ 
Glycerine _ os = 55 Glycerine __ 
Water _.-.. 93.9 Water 


It is important that shaving soaps, especially shaving creams, are pro- 
duced in corrosion-resistant kettles. Nickel or nickel-clad steel, stainless 
steel, or Monel are recommended as materials of construction. 

Another important factor is that creams should be filled into tin tubes. 
During filling, no cream should come in contact with the outside of the tubes. 
The folds of the open end of the tube must be free from cream, otherwise cor- 
rosion at this end of the tube occurs. Closing of the fold, eventually with a 


56 Formula by K. Bergstein, Ber. Schimmel & Co., Leipzig, 1938. The formula is 
very slightly modified by us to eliminate a typical German raw material which was 
present in the original formula in a percentage of 0.89%. 

57 R, G. Harry, Modern Cosmetology, 2nd ed,, Leonard {ill, London, 1944, p, 218. 

58 J, Kalish, as quoted by K, A, Pelikan, Soap, Perfumery and Cosmetics, 13, 1019 
(1938), 
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special clip or crimp is important as well. The closing cups must also fit 


tightly. 


It is possible to produce a liquid or semiliquid shaving soap by diluting 
a shaving cream to a fatty acid content of 18-20% with distilled water plus 
2-5% alcohol. 

Shaving soaps and creams are perfumed according to the same prin- 
ciples as high grade toilet soaps. However, even greater care must be taken 
to avoid skin irritating ingredients. Special ingredients, such as menthol in 
summer or in hot climates, and camphor in winter or in cold climates, are 
quite useful as skin stimulants and skin soothing agents*** and are now well 
established additions to shaving creams. 


(C) BrusHLess SHAVING CREAMS 


Despite the fact that it is somewhat beyond the scope of this book to deal 
with brushless shaving creams, since they are soap products only in a limited 
sense, they are an important enough group to be included here. ~ 

In principle, a good brushless shaving cream is built up like a kind of 
vanishing cream: 18 parts stearic acid and 10 parts petrolatum are melted 
and added at 70°C. to a warm solution (60°C.) of 0.15 part (18%) am- 
monia in 72 parts water and 5—10 parts glycerine; the mixture is stirred 
until completely cold. The perfume is added to the finished product. The 
ammonia may be replaced either by 0.45 part caustic potash (pure KOH) or 
by 1.5 parts triethanolamine. Some of the petrolatum may be replaced by 


lanolin. 
Stearic: ACle meee e... | bein EL Se ee 50) 
anctiomwatt === Sane a ee ee 6 
Paraffin (liquid) 3 aie a Sok vies ee ee 
p-Chloro-m-xylenol  - Eo a i BS MEE teocally 2 
triethanolamine 5s we ee ee R 6 
Distilled (or deionized) water a + Ate _ 140 
Perini me: aes Seine Loree sO Ri ee LE We a I, BO 0.75 
(Mento)? ies oo see ttn a, Fe eae ct Hee Se sae - oul. 0.2 
Carbita eee 5 ee __ee _  . e - 6.0 


The stearic acid and waxes are melted together and brought to 70-75°C.; 
p-chloro-m-xylenol, as a skin disinfectant, is added, and this mixture is stirred 
into the warm (70°C.) triethanolamine dissolved in water. Then the perfume 
plus menthol dissolved in Carbitol is added and the mass is stirred until com- 
pletely cold.®° 


584S. Alperin (A. Davidsohn), American Perfumer, 50, 167 (1947). 
59 Chemist & Druggist, 126, 702 (1937). 
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Desirable qualities in a brushless shave, according to Harry® are as fol- 
lows: (1) should spread evenly, be smooth and free from lumps; (2) should 
possess a soothing, not an irritant action; (3) should show no separation of 
water; (4) should soften the beard; (5) should vanish ultimately, leaving 
the face with a soft feel. To these we would add that the cream must be 
easily removed from the razor and should not form clogging residues in the 
plumbing of the washroom. 


(D) FEDERAL SPECIFICATIONS 
Federal Specifications for shaving cream and soap (in an abridged form) 
(FFF-C641) are given in Table XXI-7. 
TABLE XXI-7 


DETAILED REQUIREMENTS FOR SHAVING SOAP 


Classes A and B @iisaC sander 


Type f cake and stick 
Min. Max. Min. Max. 
Mattersvolatilemats  W05is (es. 7p cee — 10 2 
Matter insol. in hot 95% ethyl alcohol, % -- 0.8 0.8 
Free alkali ae ap oer - None None 
Free fatty acids (calc. as stearic acid), % —_ 0 1.0 
Matter insol. in het distilled water, % — eo 0.4 — 0.4 
Anhydrous soap (cale. as potash soap), % ..st«OHT? - 96 
Amount passing a No. 20 sieve, % fee ee ee = ; 100 — 
DETAILED REQUIREMENTS FOR SHAVING CREAM 
Class A lather Class B brush- 
Type Il cream less cream 
Min. Max. Min. Max. 
Moisture (toluene distillation method), % 2 50 ~~ 70 
Matier insol. in hot 95% ethyl alcohol, % al 3 = = 
[Riree me eel a mee WO oe — None — None 
Free fatty acids (calc. as stearic acid), % nme xenon 6505 = 
Matter insol. in hot distilled water, % Ors 
Anhydrous soap (calc. as potash soap), % a AD ‘= = 


In addition to these detailed requirements the passage regarding con- 
sistency of shaving creams should be quoted, since this is one of the require- 
ments most difficult to comply with: 

A lather cream shall be a soft uniform cream or paste free from free alkali. It shall 


be of such consistency that it will not flow from the tube without pressure, not require 
undue pressure, to extrude it, and not lose its form when extruded from the tube. It 


60 R. G. Harry, Modern Cosmetology, 2nd ed., Leonard Hill, London, 1944, p. 219. 
See also A. Davidsohn, Deutsche Parf. Ztg., 20, 293 (1934). 
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shall distribute well into the bristles of the shaving brush and adhere to the face when 
applied thereto directly from the tube. It shall yield a copious lather that does not 
dry rapidly on the face and shall rinse readily from a razor blade. . . . When the packed 
tubes are kept at a temperature of 38°C. (100°F.) for 24 hours and then at a temperature 
of 15°C. (59°F.) for 24 hours, the material at the end of each 24-hour period shall be 
on the application of slight pressure extruded from the tube as a smooth mass without 
any change in consistency and without any hardening or separation of the ingredients. 

According to these specifications, a brushless cream should be a soft uni- 
form paste free from free alkali. It should remain soft in the tube, spread 
easily, lubricate the razor during the shaving process, soften the hair, and 
rinse readily from the razor blade. 


(4) Shampoos 


Washing the hair with a good soap shampoo is still considered the best 
prophylactic against diseases of hair and scalp. Of special importance is the 
removal of bacteria from the hair and scalp, and a good hair wash is the best 
way of achieving this end. 

In spite of the modern soapless shampoos made with sulfonated fatty al- 
cohols or other sulfonates, soap still retains an important place as a basis for 
a satisfactory shampoo. 

The requirements of a good soap shampoo are as follows. (1) The sham- 
poos should easily give a copious and thick foam even with cold or lukewarm 
water. (2) The shampoo should not be irritating to the skin and should 
not render the hair brittle. (3) After washing, the hair should be soft and 
should show a certain luster. (4) Any insoluble calcium or magnesium 
soap formed should not remain attached to the hair. 

These requirements are to be fulfilled if the proper conditions (e.g., no 
excess of free alkali) and the proper soap base are selected. 

Soap shampoos are on the market in cake, powder, paste or cream, and 
liquid form. 


(A) SHampoos IN CAKE ForM 


These are either cold-made soap tablets with a high percentage of coconut 
or palm kernel oil (see Chapter XIX on cold-made soap), or they are grained 
and milled toilet soap with at least 40% coconut or palm kernel oil within 
the fat charge. It is possible to incorporate a cold-made soap from coconut 
oil alone into a common toilet soap during the milling process, whereby a 
soap mixture is obtained which is easily worked during the whole milling 
and plodding process. Special ingredients may be incorporated into this 
soap, @.g., tar, sulfur, etc. (see Chapter XXII on medicated soaps). 

According to Thomssen,* hair tint soaps are made by this method and a 


61K. G. Thomssen, Soap, 32, No. 4, 48 (1946). 
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rather high percentage of approved aniline dyes of suitable shades and 
mordants are incorporated. If pine tar or other medicament is to be incor- 
porated as well, this can also be added to milled soaps. It is customary to add 
about 5% of soapmakers’ grade of pine tar and to color the soap black or 
dark brown by the addition of the proper soap color like lampblack, burnt 
umber, or a non-toxic black dyestuff. 


(B) SHampPoos IN PowpDER ForM 


These are built on the basis of highly concentrated powdered soap which 
contains not less than 20% coconut or palm kernel oil in the fat charge. It 
is possible to blend a pure coconut oil soap with common toilet soap so as to 
give the soap powder with the required percentage of coconut oil. The soap 
base is usually mechanically mixed with the other ingredients, which may be 
alkaline salts with not too strong alkaline reactions, e.g., borax, sodium bicar- 
bonate, sodium sesquicarbonate, complex sodium phosphates of low alkalinity 
such as sodium hexametaphosphale, sodium tetrapyrophosphate, or sodium 
tripolyphosphate (see Chapter IX on soap builders). Other ingredients for 
shampoo powders are color substances such as henna powder and aubepine 
powder. If a bleaching effect is desired, sodium perborate in percentages 
ranging from 5-50% may be incorporated into the powder mix. 

Some formulas for shampoo powder follow: 

70 parts powdered soap (with at least 20% coconut oil in the fat charge) 
30 parts sodium bicarbonate and/or borax, sodium sesquicarbonate, etc. 

The proportions of alkaline salts to powdered soap may range from 9 
parts soap to 1 part alkaline salts, but should not be lower than 1 part soap 
to 4 parts of the other ingredients. 

The following formulas, containing coloring ingredients, are taken from 
an article by Thomssen.** One formula gives a reddish cast to the hair, the 
other whitens it. 


GOLDEN SHAMPOO 


Toilet soap powder : 25 Ibs. 
(Rorax eee a ree mers. eo en Oe 22 Ibs. 
Henna powdered _ hemes : _ Silos, 
Aubepine powder ___....... Eececrer des 1 oz. 


‘Wepilets cory) jet Glere — re _... 28 Ibs. 
BOT ax; ae ee Net Me 2 we ee 22 Ibs. 
Aubepine powder eee ee. SEE ee Sod 1 oz. 


A shampoo powder with a strong bleaching effect is: 


60 parts powdered soap (see above) 
30 parts sodium perborate 
10 parts borax 
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A basic formula for a shampoo containing extract of camomile is as fol- 
lows:°° 


Borax 100 parts 
Extract of camomile - 25 parts 
Mix, dry the mixture at a gentle heat and reduce to powder; then add: 
Powderediscap = ee ee 0 0inarts 
Oil of camomile —__._ = ee! eee. SO OIpALD 


It is also possible to incorporate oil of camomile into the powder mixture; 
0.1-0.3% is usually enough. 

It is unnecessary to give further formulas for shampoo powder. The 
principles of their composition and manufacture are simple and it is easy to 
modify the basic formulas to suit special requirement. Addition of 0.5-3% 
sodium phosphates of the polyphosphate type, tetrasodium pyrophos- 
phate, helps to prevent lime soap sedimentation on the hair. In shampoos 
containing high percentages of water (liquid and paste shampoos) it is not 
advisable to add phosphates of the meta- or tetraphosphate type (Calgon or 
Quadrafos), since after long periods of storage they slowly revert to the 
common orthophosphates. Here, additions of tetrasodium pyrophosphates, 
or even better, potassium tetrapyrophosphate (0.5-2%) are more suitable. 


(C) SHAMPOOS IN PasTE OR CREAM ForM 


These are either opaque or transparent. The opaque types have very 
much in common in composition and method of manufacture with ordinary 
shaving cream and their manufacture is practically the same. Thus, we give 
only a representative formula and refer for the description of the manufac- 
turing process to Section 3, B on shaving creams. 


(Olbie: (ore joserany)™ wll ee Z 70 parts 
Coon oil ... a sae. ol. ee 25 parts 
SLeanicu dc: = nea 448 parts 
Caustic soda, 38° Bé __- 27.9 parts 
Chinciie jordan, 2° 1as ee 279 parts 
Water 5. a ee ee oe oe 250 parts 


After having saponified the fat stock completely and having adjusted the 
free alkali to near zero, 1.5% boric acid dissolved in some water is added to 
produce a certain amount of free fatty acids. 

A transparent shampoo may be produced from a soft soap containing 
about 40% coconut oil. The fatty acid content of the finished soap should 
not be lower than 40%. Such soap may he produced by the usual method 
for making a soft soap (see Chap. XIX, 3) or by the cold or semiboiled proc- 
ess. In this case, even higher percentages of coconut oil are advisable. 


62 Pharmaceutical Formulas, Vol. IJ, lith ed. Chemist & Druggist, London, 1944, 
p. 251. 
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Castor oil is another useful ingredient for producing a cold-made trans- 
parent paste shampoo. Castor oil is an excellent accelerator for the cold 
saponification process. A formula for a transparent paste shampoo with ex- 
cellent properties produced by a modified cold saponification process is as 
follows: 50 parts coconut oil, 50 paris castor oil, 61 parts caustic potash 
(38° Bé). The shampoo is suitably prepared in a steam-jacketed kettle fitted 
with a stirrer. After thickening begins——usually very fast—steam is ad- 
mitted to the jacket and 220 parts of warm water is slowly added—until a 
smooth homogeneous soap is formed. The alkalinity is adjusted to not more 
than 0.05% free KOH, suitably even less. 

It is possible to produce transparent paste shampoos with a low pH with 
triethanolamine as well, using fatty acids in the fat charge: 


60 parts stearic acid 

40 parts coconut fatty acids 

59 parts triethanolamine 

41 parts water (distilled or deionized) 


Dissolve the triethanolamine in water. Heat to 70°C. and let the melted 
fatty acid mixture heated to 70°C. run into the aqueous solution in an unin- 
terrupted stream, with constant stirring. The result is a soft paste containing 
50% fatty acids. Additions of 1-3% turkey red oil are advisable to every 
kind of shampoo paste, since it improves somewhat the resisiance against lime 
soap formation, 


(D) Lieguip SHAMPOOS 


These are the most popular shampoos. The method of producing liquid 
shampoos is in principle the same as for the common liquid soaps and we 
refer to the corresponding section (Section 1). Some of the formulas for 
liquid soaps are suitable for liquid shampoos as well—especially the more 
concentrated types with a high percentage of coconut oil. Formulas for 
preparing ordinary liquid shampoos, and for some special liquid shampoos, 
are given below. 

The following are used for the production of liquid shampoos of the com- 
mon alkali-soap type. 


I 
Coconut oil =o : : sa 100 parts 
Ohvesoill = = 60 
Gastoreoil:)--- seen ae 30 
Caustic potash lye (50° Bé) 85 
Glycerine - = eae ee GB =. 100 
Water (distilled or deionized) —_ ents et 525 


Patty (acid content == 2. = 8 : ee EP 
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Coconut oil _.. “ . 100 parts 
Peanut oil . _ a 15 
Olive oil — 10 
Castor ai : _ 10 
Caustic potash lye (50° Be) 60-62 
Alcohol - al 50 
Glycerine _ . 50 
Water . ._- a 450 
Borax) a... : a 5 
Fatty acid content : ca. 17% 


It is possible to replace some of the glycerine or alcohol in the formula 
with propylene glycol and/or isopropyl alcohol. The above formulas may 
also be modified by adding less water to bring about a higher concentration. 

A highly concentrated heavy shampoo is produced by the following for- 
mula: 


Olive oil a pe eer. ee 80 parts 
Coconut oil E ao, a . 30 
Alcohol .. 5 ee a enn cesn al () 
Glycerine _. a 18 
Caustic potash lye (39° Bé) . ae (Hf 
Water . -__.... ee i ae Oe 


Another formula by Thomssen** is for an alcohol-free shampoo: 


Coconut? oil se : ee wee =... L8iiparts 
Caustic potash lye (28° Bé) ° ene eee. 15) 
Sugar sirup (50 lbs. sugar to 50 ieee oe ee ee 100 

IB ON a eee ee : PEM Meet Te 2 ee oc 2.75 
IPT ioe) eee Se eee = By) 


Some practical suggestion and formulas for the production of liquid sham- 
poos were given by Jannaway.®* For the cosmetic chemist unskilled in soap- 
making, Jannaway recommends the usc of ready-made coconut soft soap to- 
gether with a little prepared olive oil soft soap. This gives an excellent 
shampoo when dissolved in water or a water—alcohol mixture. Other poten- 
tial additives include small amounts of technical sodium hexametaphosphate* 
(for hard water areas), potassium carbonate, borax, glycerine, etc. A liquid 
shampoo of this type might be made along the lines of the following typical 
basic formula (all parts are by weight) : 


Coconut potash soap (shampoo grade) —_. _ ee Bene oo-Olparts 
Olives vill soft -séap. _.-..............-— aasets 10.0 
Glycerine —.... 5.0 
Alcohol 10.0 
Perfume pocpounte 0.2 
Distilled water —.....- . TS bel ware, Soe RAONG 


68 S, P. Jannaway, Perfumery & Essential Oil Record, 36, 179 (1945). 
* In aqueous solutions, hexametaphosphates slowly revert to orthophosphates. 
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The soap is dissolved in half the given quantity of hot water. the rest of the 
water being added cold. The glycerine and alcohol (incorporating the per- 
fume) are then stirred in. The resultant liquid soap is stored for 2-3 weeks, 
then the clear liquid is drawn off from any sediment and filtered through di- 
atomaceous earth. 

When the base shampoo soap is to be prepared from fats and alkalis, a 
formula such as the following may he used: 


Coconut oil 14.0 parts 
Olive oil : s es 3.0 
Castor oil ee ee x 3.0 
Caustic potash (stick) 4.7 
Glycerine —... _.. = Me as 2.0 
Industrial methylated spirit - : : : 4.0 
Sodium hexametaphosphate, technical¢ bs ; 1.0 
Perfume compound —. : bs a= Eel 


68.0 
“Better still, use 1% tetrasodium pyrophosphate or tetrapotassium pyrophosphate. 


Water, distilled or softened 2 ee 


The potash is dissolved in 9 parts of the softened water and allowed to stand 
for a few hours. The clear lye is then run slowly into a steam-jacketed pan 
containing the previously melted oils. The lye must be added carefully, the 
rate of addition being controlled to prevent excessive effervescence. Control 
tests for in complete saponification or excess alkalinity should now be carried 
out and suitable adjustments made. After sampling and correction, the re- 
maining portion of the charge is added, in similar fashion to the addition of 
lye, z.e., slowly and gradually. If large quantities of water are added, lumps 
will form and float about in the thin soap solution. These lumps will dis- 
appear only after prolonged boiling and stirring. If possible, the speed of 
the stirring gear should be gradually reduced as the soap gets thinner, until 
at the finish the blades are revolving at about 20 r.p.m. The finished soap is 
allowed to cool in the pan, when it should be drawn off and stored in vats. 
Filtration after prolonged storage will give a clearer product still. When the 
soap is new, a creamy deposit always results which must be removed before 
bottling. 

Using the procedure outlined above, another typical liquid shampoo may 
be made from: 


(Coconutsorl eee i a ee 18.0 
Castor mois Se. ke SF aon 4.0 
Caustic potash (calc. as 100%) __ es JDaes | Brey) 
Borax” << es. , gt e.. -. OS 
Glycerine 4.0 
Perfume compound : z 0.3 


Water. softened 


The properties of liquid shampoos made solely from myristic acid and 
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caustic potash are described by Schaal"* who points out that a liquid sham- 
poo containing 20% myristic acid as the only fat base has these require- 
ments: (a) to be absolutely neutral, or even to contain minute traces of free 
fatty acids; (6) to be superior foaming, also in hard water; (c) to have 
no disagreeable effect, such as itching of the skin or burning the hands of the 
hairdresser; (d) to have great economy in use, yet to cleanse perfectly the 
hair and scalp; (e) to leave the hair with a good, vital appearance; (f) to 
be produced at the lowest possible cost. 

It is often desirable to improve the lime resistance of liquid shampoos by 
an addition of 2-5% turkey red oil or a suitable non-ionic detergent. In 
this case it is even possible to superfat the shampoo with an addition of 
0.5-1% light-colored olein to make sure that no free alkali remains. In any 
case, filtration must be carried out with the necessary precaution in order 
to ensure complete clarity of the product before bottling. Here, the same 
principles should be adhered to as were described in the section on liquid 
soaps. 

It is sometimes desirable to produce liquid shampoos with a low pH in 
order to avoid the effect of the free alkali or hydrolytically freed alkali on 
the scalp or hair. Very often the effect of alkalinity is greatly exaggerated, 
and we agree with Cornblatt®® when he says: 


To be sure, good toilet soaps and shampoos contain a minimum or are merely free of 
(surplus) alkali. Nevertheless, in the use of soap with water there is hydrolysis and 
separation of the combination of fatty acids and alkali. So for all purposes the use of 
soap entails the exposure of the skin and hair to alkali. With good soaps, the amount 
of this alkali as measured by the pH of the solution is 8.5 to 10.5. This is not ex- 
cessive, except for a very few individuals or individuals with certain diseases of the skin. 
For normal skins, too much has been made of this alkali factor; it may be safely ignored 
if a good soap is used. With some diseases of the skin, the skin may be found to he 
sensitive to materials having an alkaline reaction; under these conditions the use of soap 
solution in any form is contraindicated. The normal pH of the skin is between 3 and 6, 
but after washing with soap the pH is 9 or even higher. Although the skin quickly re- 
turns to its normal pH it may be undesirable with certain diseases to alter the acid 
mantle of the skin. 


Liquid shampoos can be produced with only slight alkalinity (pH 8.0— 
8.5) by using triethanolamine as the saponification agent for fatty acids. 
Some representative formulas follow for triethanolamine shampoos to which 
turkey red oil may be added. 


Coconut oil fatty acids ee ee FOOD ALtS 
Olein (red oil) _. 2 a. a ae iy 
Triethanolamine I I an ee Poe AT, 5) 
AWia Pel eee. eee, a: ee Tees, 2 eee BO) 


64 J, Schaal, Seifensieder Ztg., 1936, 695-696, quoted by K. A. Pelikan, Svap, Per- 
fumery and Cosmetics, 11, 1019 (1938). 

65 'T, Cornblatt, “The Effect of Soap on the Hair,” in Medical Uses of Soaps, M. 
Fishbein, ed., Lippincott, Philadelphia, 1945, p. 81. 

66 Anon., Drug & Cosmetic Industry, 58, 445 (1946). 
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The coconut oil fatty acids and olein are melted together and brought to a 
temperature of about 60°C. In another vessel the triethanolamine is gently 
heated with the water (60-70°C.) and then the fat mixture is added to it. 
After thorough mixing, the reaction takes place rapidly. When the reaction 
seems complete, 40 parts of water is added, the mixture is heated to about 
90°C. again with thorough but slow mixing to avoid the formation of foam. 
The soap obtained should be completely clear, so that no filtration is neces- 
sary. If the soap is not clear, a little more triethanolamine may be added and 
mixed well. A part of the water can be replaced by alcohol. Perfume is 
stirred into the soap after cooling. 

A second formula is as follows: 


Olein, light colored and practically odorless 2 A LO parts 
Coconut oil fatty acids ee de ee ee B) 
Triethanolamine evel = E ae es 100 
Alcohol or half alcohol and half water — —. Dens oat = 10 


Some water may be replaced by glycerine and some alcohol may be replaced 
by isopropyl alcohol. 

It must be mentioned that additions of previously prepared methylcellu- 
lose solutions in water (see Ch. XI, 2, B) are very effective thickening agents 
for liquid shampoos; 0.4-0.6% dry methylcellulose, calculated on the ready 
liquid shampoo gives a better “body” to the product. Even higher percent- 
ages of methylcellulose solutions may be added to paste or cream shampoos. 

The same methods of clarification are used for liquid shampoos as for 
liquid soaps (see Section | of this chapter). 


(E) Some SpeciaL Appitives. PERFUMING OF SHAMPOOS 


Harris®’ enumerates the following “solubilizing and coupling agents” 
which may prove useful in preventing separation of the ingredients, e.g., per- 
fumes as the results of extremes of temperatures; they help to provide clarity 
of solution and help to bind perfumes and eventually used superfatting agents, 
ete.: ethyl alcohol, isopropyl alcohol, Carbitol (not over 5%), methyl Car- 
bitol,* ethyl Carbitol, diethyl Carbitol,* Cellosolve,* diethyl Cellosolve,* 
butyl Carbitol,* butyl Cellosolve,* diethylene glyco!* (and other polyglycols), 
diacetone, 2-methyl-2,4-pentanediol,. tert-butyl alcohol, pine oil, terpineol, 
propylene glycol. 

The same author gives a table of “conditioning agents.” Since soaps, be- 
cause of their alkalinity, sensitize the skin and scalp and make the skin dry, 
these conditioners are also mentioned in Chapter XXV, 1 (see also Section 1 
of this chapter) dealing with superfatted and liquid soaps such as the fol- 
lowing: Carbowax 1500 and its stearate, Carbowax 4000 and its stearate, 


87 J. C. Harris, Am. Perfumer, 48, No. 11, 55 (1946). 
* Many glycols and their ethers are considered unwise additions to cosmetics unless 
carefully tested for safety and nontoxicity. 
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diglycol laurate, diglycol oleate, diglycol stearate, ethyl stearate, octadecenol, 
glyceryl monostearate, glyceryl monoricinoleate, propylene glycol stearate, 
ethylene glycol monostearate, lanolin, lecithin. 

The use of sequestering agents to improve clarity in liquid soaps is of even 
more importance in the manufacture of liquid shampoos and the section deal- 
ing with this material should be reviewed at this point. 

In the case of powdered shampoos it is advisable to add the perfume com- 
position to the powdered soap alone and then to add the other ingredients. 
In the case of cream or paste shampoos the perfume is added at a tempera- 
ture not higher than 60°C. Perfume for liquid shampoos should be suitably 
dissolved in alcohol. If no alcohol is used as a main component, it is still 
advisable to dissolve the perfumes in a small amount of alcohol. Generally, 
for perfuming liquid shampoos, the same considerations are important as for 
common liquid soaps. But in the case of triethanolamine shampoos the pre- 
cautions with regard to alkali resistance may be relaxed somewhat. The per- 
fume composition usually varies between 0.2 and 0.5% (calculated on the 
final product). 


CHAPTER XXII 


MEDICATED SOAPS AND THE GERMICIDAL 
EFFECT OF SOAPS 


(1) Introduction 


Soaps found application in medicine and pharmacy very early in history, 
for it was soon recognized that they were not only detergents but also served 
as disinfectants and antiseptics. Here, we are speaking of soap per se as 
well as of its use as a carrier of special ingredients, for soap gained entry into 
the pharmacopoeias of various countries from both these standpoints.** Fore- 
most among scientists responsible for the introduction of soap into medicine 
was Unna®* at the beginning of this century. 

However, it is important to point out the relatively limited field of soap 
for medicinal use, because soap cannot act as a carrier for all medicaments, 
and it may possibly have a detrimental action in many skin diseases (see 
Chap. XXXII). By its nature, as a salt of a strong base and a weak acid, 
soap can be blended only with a limited range of medicaments and only the 
chemist can judge which will be tolerated by soap. In order to be of real 
value, the composition of a medicinal soap should satisfy both chemical and 
medicinal criteria. We plan first to consider medicinal soaps which do not 
contain special ingredients, the sapones of different composition, to be found 
in the pharmacopoeia of every country that has a pharmacopoeia of its own. 
Then we shall consider medicated soaps with special ingredients. 

Before dealing with their composition, we should like to make some gen- 
eral observations on the advantages of soaps in pharmacy. These are chiefly: 
(a) The great cleanliness in use; after use, the last traces can easily be re- 
moved from the skin by washing with water. If water must not be used, 
soaps have naturally only limited value, but it is possible to rinse with alcohol. 
In contrast to the procedure with ointments, soaps are left to act upon the 

°8 J, Davidsohn and A. Davidsohn, Soap, Perfumery and Cosmetics, 10, 400-404 


(1937). 
88a P. G. Unna, Klin. Vortrége Nr., 252 (1885). 
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skin only for a short time. Plasters are preferred for permanent action. 
{b) Economy in use; in comparison with ointments, soaps are used much 
more sparingly. (c) Disinfectant action of soaps. (d) Stimulating action 
of soaps upon the skin. By this is understood the stimulus to the physiologi- 
cal functions of the skin. 

Lesser®? makes the following statement in regard to germicidal soaps. 

The principal use for a germicidal soap is in the preoperative scrub-up of the sur- 
geon and assisting personnel. The use of an effective soap of this kind for routine wash- 
ing by doctors, dentists, nurses, and others concerned with the care of the sick or in- 
jured should also provide an added means of preventing the spread of infection. In a 
broader aspect, there are those who feel that the use of a germicidal soap by food 
handlers, whether in food processing plants or public eating places, could help to lower 
the incidence of communicable diseases. Its use by those who perform personal services, 


such as that done by barbers and beauticians could serve a similar function with respect 
to prevention of infection. 


Medicinal soaps must naturally be of high quality, that is to say, the oils 
and fats used in their production must be exceptionally pure and fresh and on 
no account rancid. As mentioned below, pure tallow and lard are preferred 
among animal fats, and olive oil among vegetable oils, while linseed oil is fre- 
quently used for soit soaps. The use of coconut oil is usually avoided be- 
cause of the irritating action on sensitive skin (see Chapter XXXII). Coco- 
nut oil is employed, however, in combination with other fats and oils—as it 
is used for toilet soaps—for the manufacture of soaps that contain special 
ingredients. 


(2) The Germicidal Effect of Soaps 


Before describing the manufacture and composition of different medicated 
soaps it is important to review the germicidal effect of soaps. Bacteriologists 
seem to agree that the main use of soap as a disinfectant is to remove the 
germs by its effect as a detergent. McCulloch” in his text on disinfection 
and sterilization, points out: 


The common procedure of washing the hands in soap and water is of the greatest 
sanitary significance. A mere estimation of the ability of soap solutions to kill bacteria 
does not evaluate the hygienic benefits derived from washing the body in soap and water. 
Bacteria are enmeshed in the soap lather and removed from the skin with the rinse 
water and, since they can no longer be a source of danger, it makes little difference 
whether they are dead or alive. A clean skin is able to free itself of many pathogens; 
a power not shared equally by a dirty skin. 


69 M. H. Lesser, Modern Chemical Specialties, MacNair-Dorland, New York, 1950, 
p. 69. 

70K, C. McCulloch, Disinfection and Sterilization, 2nd ed., Lea & Febiger, Phila- 
delphia, 1935, p. 354. 
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Soap acts as a germicide as well, but the nature of this germicidal action 
is not yet quite understood. McCulloch’? enumerates the following factors 
which influence the germicidal activity of soaps: (1) the fatty acid radicals 
present in the soap; (2) the state of saturation of the fatty acid constitu- 
ents; (3) the temperature and the concentration of the soap solutions when 
applied to the bacterial cells; (4) the amount of foreign matter present. 

Microorganisms vary considerably in their resistance to the attack of 
soap, possibly because the cell membranes vary in preventing the entrance 
of the soap solution into the inner cell. Some observers have pointed out 
that the action of soap is mainly effective on the fatty substances in the capsule 
of certain microorganisms. Research was carried out very early to establish 
the kind of soaps that are effective as germicides and against what microor- 
ganisms, but as it is impossible to quote from all these experimental papers 
we will confine ourselves to citing results from later publications. Bayliss” 
came to the following conclusions: 


Pneumococci are especially susceptible to the action of certain unsaturated soaps, 
such as sodium oleate, linoleate, linolenate, clupanodonate. The other unsaturated soaps, 
as well as the hydroxylated and saturated soaps, are less effective in killing this or- 
ganism. The bile salts and sodium salicylate (taken for comparison) require high con- 
centrations to kill pneumococci. The sulfate ester salts are pneumococcicidal in concen- 
trations of 0.01%. 

Streptococcus lactis is more resistant to the action of soaps than the pneumococci. 
The effectiveness of soaps in killing the latter microorganism does not parallel exactly 
its effectiveness against the former. The two saturated soaps, sodium myristate and 
laurate, the unsaturated soaps, sodium oleate, linoleate, linolenate, clupanodonate, ricin- 
olate, abietate, as well as two sulfate esters, sodium lauryl sulfate and oleyl sulfate, are 
very effective in killing this streptococcus. 

Of a series of other compounds taken for comparison, only sodium diiodosalicylate 
and undecylenate are effective germicides in a concentration of 1% at pH of 8.0 using 
Escherichia coli as the test organism. 

Sodium diiodosalicylate and sodium undecylenate are also effective against Staphylo- 
coccus aureus at a pH of 8.0. Sodium abietate is effective above a pH of 8.0. 


The effect of soaps was tested against different microorganisms by Klar- 
mann and Shternov’? according to the U. S. Food and Drug Administration 
method, which is an end method. In other words, a bactericidal effect is 
shown when the last viable microbe of a suspension of microbes has been 
killed, thus eliminating the possibility of multiplication and restoration of a 
potential risk. This is in contrast to a counting method which enables the 
observer to follow the gradual decrease in the number of viable microbes 
over a period of time, e.g., as a result of exposure to the action of an anti- 
bacterial agent. Klarmann and Shternov point out that this method repre- 


71M. Baylise, # Rert., 27, 480 (1036) (referred to by McCulloch, loc. cit, p. 360), 
72 E, Klarmann and V, A, Shternov, Soap, 17, No. 1, 23-26, 70 (1941). 
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sents the more appropriate one and come to the following negative conclu- 
sions: 


The F.D.A. technic employing besides Eberthella typhosa and Staphylococcus aureus 
three other test organisms, viz., Shigella paradysenteriae, Streptococcus and Trichophyton 
rosaceum, has been applied to a study of (a) the series of potassium soaps of holomogous 
fatty acids, (6) a group of commercially available washing and toilet soaps, and (c) 
a number of “technical” soaps obtained by the saponification of fatty vegetable oils. 
For practical reasons, all tests were carried out at 37°C. Of the homologous series, only 
salts of fatty acids with eight to ten carbon atoms evidenced a germicidal efficacy of 
some note. Fatty acids of this description do not occur in fats and oils used in soap- 
making. As expected, therefore, the antibacterial properties displayed by the com- 
mercial soap products tested, were not such as to entitle this kind of soap to any one 
of the following designations: “disinfectant,” “antiseptic,” or “germicidal.” Thus the 
question posed: “are soaps germicidal?” must be answered in the negative. 


However, attention was called to the comparatively unusual efficacy of 
resin soap with respect to staphylococci and hemolytic streptococci, and to 
the possibility of formulation, with the aid of rosin, soaps with enhanced anti- 
bacterial properties; but this is subject to further study. On the other hand, 
experiments by others, e.g., McCulloch and Fuller™? found soap to exert germi- 
cidal action against the swine erysipelas organism, killing in dilutions of 
from 1:100 to 1:110 in the presence of 5% pig manure. The prophy- 
lactic value of thoroughly washing the hands with soap and warm water alter 
having been in contact with this organism should be emphasized. The soap 
used in these tests was Ivory soap in bars, but additional experiments indi- 
cate that other brands of household soaps possess approximately the same 
germicidal efficiency. This is especially important for veterinary practice. 

In very extensive research, Stuart and Pohle’ tested the germicidal ef- 
fect of chemically pure soaps of different individual fatty acids and from 
different oils and fats as well as rosin. Also, alkaline soap builders were 
tested at different pH values and temperatures. Rosin soap showed germici- 
dal activity; and the order of increasing germicidal activity of rosin acid 
soaps was as follows: dehydroabietic, abietic, dihydroabietic, tetrahydroabi- 
etic. There seemed to be a direct correlation between the amount of hydro- 
gen in the rosin acid molecule and germicidal activity for the organisms 
tested. It is beyond the scope of this book to reproduce the numerous inter- 
esting tables that show the effect of soap against different microorganisms. 
Tables XXII-1 and 2 are representative illustrations for the experimental 
method used by Stuart and Pohle in their extremely interesting publication. 
The following conclusions were drawn from the results of this study against 
Staphylococcus aureus, Escherichia coli, and Eberthella typhosa: 


73 &. C. McCulloch and S. A. Fuller, dm. J. Vet. Res., 2, 77 (1941). 
741. S. Stuart and W. D. Pohle, Soap, 17, No. 2, 34-37, 73-74; No. 3, 34-37, 73-74 
(1941), 
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Rosin soap solutions were more active as germicides than equivalent concentrations 
of fatty acid soap solutions. 

Mixtures of rosin soaps and fatty acid soaps were germicidally more active than the 
corresponding fatty acid soaps. 

Soaps made from rosins produced from longleaf pine gum and slash pine gum, re- 
spectively, had equivalent germicidal activity. 

Oxidation of the unstable rosin acids reduced the germicidal activity of the result- 
ing rosin soap. 

Soaps made from pyroabietic acid were more active as germicides than soaps made 
from gum rosins. 

The sodium soaps of tetrahydro-, dihydro-, and freshly prepared ahietic acids were 
more active as germicides than soaps made from gum rosins. 


TABLE XXII-1 


GermicipaL Activiry aT 30°C. or Rosin anp Farry Acip Soap SoLutions 
AT pH 10.2 acarnst Escherichia coli ann Eberthella typhosa‘* 


Plate count 


Soap solution, Concentration E. coli, exposure E. typhosa, exposure 
made from of solution, % time, min. time, min. 
2 a) 10 2 5) 10 

Slash pine rosin 2 0 0 0 0 0 0 
Coconut oil 2 0 0 0 0 0 0 
Silay ingen il 5 2 0 2 0 0 
(Coon: @il es q 5 0 0 3 2 0 
Oleiczacid = an l 576 =192 6 Sy 54 rae) 
Pyroabietic acid — il 0 0 0 0 0 0 
Balmain U 2240 2240 2240 888 472 388 
IFAC) EY essen wens oth Be eee 0.85 2432 2112 2112 2560 2560 2560 
inheno| ee 1 0 0 0 0 0 0 
Pig 2 Se se 0.5 2112 896 96 1680 384 320 


2 Physiological saline, pH 7.0. 
+ Phenol tested in water solution at pH 6.2. Standardized according to Ruehle and 
Brewer, U.S.D.A. Circular 198 (Dec., 1931). 


Coconut oil soap was germicidally more active against Escherichia coli and Eberth- 
ella typhosa than other soaps made from natural fats and oils. Against these two test 
organisms coconut oil soap had an activity equivalent to that of a normal gum rosin soap. 
Rosin soap was much more active germicidally than coconut oil soap when Staphylococcus 
aureus was used as the test organism. 

Soaps made from lauric or myristic acids, the two principal constituents of coconut 
oil, were more active against Escherichia coli and Eberthella typhosa than coconut oil 
soap. 

Increasing the pH of both rosin soap solutions and fatty acid soap solutions above 
that normal to the household and toilet soaps increased the germicidal activity of these 
solutions. 

Solutions of alkalies and alkaline salts in concentrations that have a pH of 10 and 11 
had only slight germicidal activity. Sodium hydroxide solutions did not become markedly 
germicidally active until the pH of the solutions exceeded 11 or the temperature was 
raised above 40°C. 


TABLE XXIL-2 


GermicipaL Acriviry at 30°C. or Farry Acm anp Fatty Acip—Rosin Soap SoLutions 


At pli 10.2 against Staphylococcus aureus** 


Plate count” 


Soap solution, Ratio of 1.0% soln. 0.5% soln. 

cnet nae components - os : = 
by weight Exposure time, min. Exposure time, min. 

1 P| 5 10 20 it 2 5 10 

Slash pine rosin? oe ee _ 1 0 0 0 0 A @ Oo 
Coconut oil acids — 23 Sees 6 PA 104 76 39 23 
Palm oil acids - — 2416 312 288 252 252 1152 1152 704 640 
Palm oil acids, coconut oil acids 56m O20 LL S97 36 640 256 127 124 
Palm oil acids, slash pine rosin Bio Ih 176 9 6 i 1 704 92 48 42 
Coconut oil acids, slash pine rosin ~ a fl 20" 15 0 0 0 1l 3 3 0 

Palm oil acids, coconut oil acids, 

SLASH YMONT OSIM esses seen a Dedlecdn ead S24y 12 alt ra 52 48 23 12 


@ Control plate count 3 to 4 thousand. 
> Slash pine rosins used in all combinations. 


¥ 0.25% soln. 
Exposure time, min. 
r| 2 5 10 
Paki} Ike} fil) BY 
248 #116 88 57 
1408 1408 1152 768 
704 502 438 134 
320 244 1382 96 
O27 20 ZO 
211 136 110 66 


704 


96P 
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The germicidal activity of all soap solutions increased as the temperature was raised 
from 25 to 45°C. 

A solution of 0.5% rosin soap at pH 10.2 completely killed Staphylococcus aureus in 
5 minutes at 30°C. Complete killing of Escherichia coli was accomplished in 2 minutes 
at 30°C. with a 2% solution of either rosin soap or coconut oil soap at pH 10.2. 


Regardless of the germicidal effects noted with varying rosin and fatty 
acid soaps, the fact remains that soap’s principal role is that of removing 
germs and other organisms from the skin and in this it is admirably suited. 
By no stretch of the imagination can soap itself be considered in the category 
of a bactericide, disinfectant, or antiseptic. 


(3) Sapo Medicatus of the Pharmacopeia 
The U.S.P. XIII prescribes under Sapo Durus (Hard Soap) a soda soap 


which is described as follows: 


Hard Soap occurs as a white or whitish solid, in the form of bars, hard, yet easily cut 
when fresh, or as a fine, white or yellowish white powder. It has a faint odor, free from 
rancidity. 

Hard soap is slowly soluble in water and in alcohol; more readily, however, with 
the aid of heat. 

An aqueous solution of Hard Soap is alkaline to indicators. 

The characteristics of the separated combined fatty acids are: 


Swliciiigone joie (Gees) 18-23 
Acid value I a nn __ 185-205 
Todine value = = 83-92 


Drying loss in weight does not exceed 36% for the evaporated soap or 10% for the 
powdered soap; alcohol-insoluble material not more than 1%; limits for alkali or free 
fatty acids and alkali carbonates are as follows: 

Dissolve 2.5 g. of Hard Soap in 50 cc. of boiling neutralized alcohol, filter while hot, 
and wash the filter thoroughly with boiling neutralized alcohol: the filtrate requires for 
neutralization not more than 0.2 ml. of 0.1 N sulfuric acid or not more than 0.2 ml. of 
0.1 N sodium hydroxide, using phenolphthalein T. S. as the indicator. 

Wash the filtered residue obtained in the determination of alkali hydroxides or free 
fatty acids with 50 ml. of boiling distilled water, cool, and titrate the aqueous filtrate 
with 0.1 N sulfuric acid, using methyl orange T. S. as the indicator. Not more than 
2 ml. of 0.1 N acid is required. 


These limits correspond to either: 


Free: NaOH 2.2 =, Spe a 0.032% 
Acids Sv al Ue peg ve, a ee OS 

(equal to 0.225% free fatty acids) 
NadC Qtek Se Pee es —.. 0.424% 


These figures correspond to the followng prescription of the British 
Pharmacopoeia, 1948, for Sapo Durus, which is a hard soap made only from 
a suitable vegetable oil or oils, or from fatty acids derived therefrom. The 


498 D. SPECIAL SOAP PRODUCTS 


British Pharmacopoeia, 1932, permitted only olive oil as the fat basis. Speci- 
fications are: 


(Winsaponthediptat gem. Silverman. Eintatenetete ern not more than 0.8% 

Free alkali as NaOH 0. Snot ~more than 0.04%. For 
free acids not more than 0.2 
ml. of V/10 NaOH is used up 
for 10 g. soap in 100 ml. of 
neutral alcohol 


Loss on drying in tablet form at 110°C... not less than 20% and not 
more than 30% 
Loss on drying in powdered form at 110°C... not more than 5% 


Even if U.S.P. XIII does not prescribe olive oil as the sole base and 
leaves some room for combination of different fats and oils, the surest way 
to produce Sapo Durus U.S.P. is by saponifying in the usual manner olive 
oil alone and salting out with brine solution. It is interesting to note that 
the British Pharmacopoeia, 1948, contains a specification for a curd soap 
Sapo animalis. The soap is to be prepared from purified solid animal fat. 
The specification gives a titer of the combined fatty acids of not less than 
42°C., which corresponds to tallow. 

Sapo Mollis Medicinalis (Medicinal Soft Soap) is the only soap included 
in the latest edition of the U.S.P. XIV, and is described as follows: 

Medicinal Soft Soap is a potassium soap made by the saponification of vegetable oils, 


excluding coconut oil and palm kernel oil, without the removal of glycerine. Soft Soap 
may be prepared extemporaneously in the following manner: 


‘bhnesvecetabletoll. = 4 ae ee 2 ee 380 ¢. 
Oleic acid 20 g. 
Potassium hydroxide 91.7 ¢. 
Cly cornice were sme) ee = 50 ml 
Distilled water, a sufficient quantity to make about - 1000 g. 


Mix the oil and oleic acid, and heat the mixture to about 80°C. Dissolve the potas- 
sium hydroxide in a mixture of the glycerine and 100 ml. of distilled water, and add the 
solution, while it is still hot, to the hot oil. Stir the mixture vigorously until an emul- 
sion is formed, using mechanical stirring if desired, then heat the mixture on a hot plate, 
with constant vigorous stirring, until it becomes homogeneous and a small portion dis- 
solves completely in hot water, producing a clear solution. Add sufficient hot distilled 
water to make the soap weigh 1000 g., and incorporate the water in the soap until it is 
uniformly distributed and the soap is of the same consistency throughout. 

The vegetable oil to be used in the formula given above may be corn, cottonseed, 
linseed, olive, soybean, or similar oils which have a saponification value not greater than 
205, and an iodine value not less than 80. Since glycerine is added only to accelerate 
the saponification, it may be omitted if desired. 

The quantity of potassium hydroxide given in the formula is based on an alkalinity 
equivalent to 85% of KOH. If the potassium hydroxide is of any other strength, a pro- 
portionately larger or smaller quantity should be taken. 


It is self-evident that this soap may be produced on a large scale as well. 
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The soap is described as a soft, unctuous, yellowish white to brownish or greenish 
yellow, transparent to translucent mass. It has a slight, characteristic odor, often sug- 
gesting the oil from which it was prepared, and an alkaline taste. 

An aqueous solution of Medicinal Soft Soap (1 in 20) is alkaline to indicators. 
Water content determined with the distillation method shall not exceed 52% by weight 
of the soap. Alcohol-insoluble substances shall not exceed 3%; free KOH not more than 
0.25%. Alkali carbonates contained in the alcohol-insoluble substances from 5 g. soap 
shall, after dissolving in distilled water, require not more than 0.5 ml. of 0.1 N sulfuric 
acid per gram of the original soap weight. Methyl orange is used as indicator. 

The characteristics of the liberated fatty acids are as follows: 


Acid value - = : = not more than 205 
Todine value __ : oes =o Tess than 85 


The Sapo Mollis of the B.P., 1948, is soap made from potassium hydrox- 
ide and a suitable vegetable oil or oils, or with fatty acids derived therefrom. 
It yields not less than 44% of fatty acids of olive oil. 


Totalstattyaacidsts——— a es not less than 44% 


Free alkali. _ ae ae ms _.... not exceeding 0.056% (KOH), or 

Free fatty acids eee _.... same as permitted for Sapo Durus 
(see above) 

Unsaponified fat : = not exceeding 0.8% 


The same condition applies to the fatty acids of Soft Soap as for Hard 
Soap. 

The points to be complied with are clearly evident from this specification. 
The B. P. does not give any directions for preparation. 


(4) MepicaTEeD Soap WITH SPECIAL INGREDIENTS 


Very often carbolic acid (phenol), CsH;OH, is added to soaps, but its ef- 
fect in soap is diminished considerably, so that other disinfectants should be 
added which do not lose their efficiency when incorporated in the soap or 
when used in combination with soap in solution. The fact that carbolic acid 
loses its germicidal effect in soaps was established as early as 1928 by Ham- 
pil,° who found that the soap apparently interferes with the action of the dis- 
infectant rather than enhances it, as occurs with the higher phenols when less 
than 1 part of soap is present for each part of phenol or cresol. She sug- 
gested four possible explanations: (J) that a new chemical compound, which 
is nongermicidal, may be formed; (2) that the soap may act as a protective 
colloid for the bacterial cells; (3) that the soap may remove the phenolic 
substance from the solution in a definite partition coefficient ratio; (4) that 
other physicochemical factors may be operative. From her work, Hampil 
concluded that the phenols are unsuitable for the production of germicidal 
soaps due to the marked inhibitory cffect of sodium oleate, sodium myristate, 


75 B. Hampil, J. Bact., 16, 287 (1928). 
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potassium palmitate, and potassium stearate on the bactericidal properties of 
phenol, m-cresol, sec-butylphenol, n-butylresorcinol, and n-hexylresorcinol. 

Even though this fact has been established, phenol is still used, e.g., in 
carbolic soaps, without improving in any way the germicidal effect of the 
soaps. Instead of phenol, cresol should be used, despite the fact that it has 
a relatively low germicidal effect in soap; any method is more suitable than 
the one using carbolic acid. 

Cresylic acid (cresol), CH;C,H,OH (technical cresol contains all three 
isomers of cresylic acid), may be incorporated in a percentage of about 
5% during the milling process in practically any soap base. The soap con- 
taining cresylic acid is usually colored red. The effect of cresylic acid in 
solution is quite different where the proportion of cresylic acid to soap is 
more than 1:1. This is seen from the fact that cresol-soap solutions are an 
established disinfectant of proved value found in the pharmacopoeias of all 
countries. 

Cresol forms the basis for Liquor Cresolis Saponatus of the U.S.P. XIII, 
which may be prepared as follows: 


Cresol c= Sh me ere ee Nests OMEN. | com, ereennienl 500 ml. 
The vegetable oil _ _ Lees ON i Fy 350 ml. 
ZA CONG ie 2 eek, ress ror See re a Se Sear, = 55 ml. 
Potassium hydroxide - Se eg 72.6 g 
Distilled water, a sufficient quantity to make —_ _ 1000 ml 


Mix the vegetable oi! and the alcohol. Dissolve the potassium hydroxide in 100 ml. 
of distilled water and immediately add the hot solution to the oil while vigorously stirring 
the mixture with a mechanical stirrer. Continue the stirring until a small portion of 
the soap dissolves in hot distilled water to form a clear solution. Add the cresol to the 
soap, stir until a clear solution is obtained, and add sufficient distilled water to make 
the solution up to 1000 ml. 

If desired, 58.08 g. of the potassium hydroxide may be replaced by 37.05 g. of sodium 
hydroxide. It is also permissible to omit the alcohol, in which case the oil should be 
warmed to 85°C. before the addition of the solution of the alkali, and the mixture heated, 
if necessary, to complete saponification, 


The amounts of potassium hydroxide and sodium hydroxide cited were 
determined on the basis of the official minimum percentages of strength, 85 
and 95%, respectively. If either or both the hydroxides used should have 
a different percentage strength, corresponding changes in the quantities 
should be made. 

It may be mentioned that, in preparing the Liquor Cresolis Saponatus, it 
ig advisable to dissolve 1% (calculated on the oil used) of cresol to the oil 
and to add concentrated KOH (e.g., 38° Bé) to the oil in the cold. After 
stirring, the mixture starts to spin and turns into a homogeneous cream. 
Then warm in a water bath, wait till a sample becomes clear in distilled 
water, and proceed as already described. Cresol acts as saponification cala- 
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lyst (see Ch. HI, 8). According to our experience, this method of prepara- 
tion is very fast and simple. 

As a matter of fact the product can be manufactured on a large scale as 
well. Cresol solutions with soap are often marketed under the name of 
Lysol. The germicidal value of Lysol also varies according to the particular 
soap used in its preparation. Soaps made from linseed oil or castor oil give 
the highest values, while those made with oleic acid give the lowest.’ Other 
results were obtained by Tilley and Shaffer” using EF. typhosa with the 
Rideal-Walker technique at 25°C. The highest phenol coefficient was ob- 
tained with coconut oil soaps, the lowest with linseed oil and soybean oil 
soaps. This contradiction may be explained by the fact either that different 
bacteria were used or that different conditions (temperature, etc.) cause 
much different results. 

Additions of chlorocresol, CH;C,H;(Cl)OH, to soap are also possible, 
e.g., 1-2% to milled soap. The use of dichloro-meta-xylenol (D.C.M.X.) in 
soap in a percentage of 2.5% was recently recommended by G. Gemmell.” 
The effect was comparable with that of hexachlorohene (see below). 

A very important addition to medicated soap is pine oil. It is obtained 
by steam distillation of the oleo resin from Pinus palustris Miller and certain 
other species. The grades best suitable for medicated soaps of pine oil soap 
disinfectant are colorless or pale yellow with a turpentine-like odor (specific 
gravity at 20°C. about 0.9; boiling range 200-220°C.). Pine oil is soluble 
in the usual organic solvents. In solid medicated soaps it may be used in a 
percentage of about 5%. According to Pickett and Schantz’® pine oils are 
composed of the following resin constituents: 


a-Terpineol, 50-60%; other terpineols, 15-25%; borneol, 5-10%; fenchyl alcohol, 
5-10%; esters, 5-10%; ketones and phenols, 1-2%. 

As pine oil is a good solvent, it may be used for the manufacture of solvent 
soaps as well (see Chapter XX, 1). 

Pine oils are also used as powerful and agrecable-smelling disinfectants. 
They replace cresol emulsions very often. Usually, pine oil emulsions—or 
soluble pine oil as these products are often called —are produced on a rosin 
soap basis. 60-70% pine oil, 10-20% rosin soap (calculated as anhydrous 
soap), and not more than 10% water are good and efficient disinfectants. 
The rosin is suitably dissolved in one-fourth of the pine oil used and added 
at about 70°C. to the warm lye. Then the remainder of the pine oil is added. 


76 Martindale, The Extra Pharmacopoeia, Vol. I, 22nd ed., Pharmaceutical Press, 
London, 1941, p. 466. 

77 F, W. Tilley and J, M. Shaffer, J. Infect. Dis., 37, 359 (1925). 

77a G. Gemmell, Mfg. Chemist, 23, 63 (1952). 

78 Q. A. Pickett and J. M. Schantz, Ind. Eng. Chem., 26, 709 (1934). 
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Sometimes part of the rosin soap is replaced by highly sulfonated turkey red 
oil. Two formulas for soluble pine oil are: 


70 parts pine oil 70 parts pine oil 

17 parts rosin (light) 11.3 parts rosin 

6.4 parts caustic soda solution, 38° Bé 4,35 parts caustic soda solution, 38° Bé 
6.6 parts water 6 parts turkey red oil 


8.35 parts water 


The turkey red oil is added after saponification of the rosin. Its addition 
has the advantage that the product is less sensitive to hard water. The phenol 
coefficient of pine oil is 1.5—4 when tested against E. typhosa. 

A very strong disinfectant that may be added to soap is ¢i-tree oil. The 
oil distilled from the Australian ti-tree, Melaleuca alternifolia, contains about 
50-60% of terpenes, including cineole (up to 8%) and terpineol, the 
primary source of the odor. It is antiseptic and has been advocated as a 
nonirritant germicide for general and surgical use. It has a Rideal-Walker 
coefficient of 10, but there are also less efficient brands on the market. ‘i-tree 
oil was found to have the following constants:" 


Sew. evan ee E os 0189855018961 
Optical rotation —_ + 6.8- + 7.4 

Retractiye gin exge- =. a= a meeen wee 1.4782-1.4790 
[SSScir ¢ 1st Seen eee Le 
listens Nowmaitemmacetylanonye ee 80-84 


The usual very high germicidal potency—coupled with a complete ab- 
sence of toxicity and irritation—is one of the oil’s most valuable and indi- 
vidual characteristics. Generally, 2-4% of ti-tree oil is added to the toilet 
soap. The high disinfectant value makes it a favorable addition to shampoos. 
3-4% of ti-tree oil is sufficient for liquid, powdered, and paste shampoos. 
As a rule, ti-tree oil is added in the crutcher for hard soap, in the mixer for 


powdered soap, and simply added to the liquid for liquid soap. Occasionally, 
in the last case, the percentage of ti-tree oil must be lowered in order to assure 


the clarity of the liquid soap. A representative formula follows:*° 


ONG mCi) ee ee ee Ra ee ee Ee ee parts 
i trcomo!| eee es ee ee ee ee) 
(COoenaE: MENTS ee le es ee 
Triethanolamine _.. 10 
Glycerine S ok eae 2 
Winter 2. ae ww 21 © Shh Ne 66 


The addition of sar to soaps, especially shampoos, is very popular. For 
therapeutic purposes the chief grades are coal tar and wood tar, the former 
73K. N. Richardson, Soap, Perfumery and Cosmetics, March, 1937. 


80 R. E. Goldsborough, Manufacturing Perfumer, through Drug and Cosmetic Ind., 
44, 359 (1939). 
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being obtained by the dry distillation of coal and the latter by the dry distilla- 
tion of various woods. Owing to certain unpleasant qualities of tar (odor, 
color, skin irritation, etc.) , efforts have been made from the earliest times to 
isolate its pure therapeutic constituents and thus to eliminate unpleasant sec- 
ondary effects. Efforts made to obtain a fairly uniform product (an impor- 
tant point in the case of such a widely used medicament as tar, owing to the 
possibility of exact dosing) have had a successful formulation in the 
patented product Anthrasol (German Pat. 166,975). Although it has a pow- 
erful odor, the color is pale and it is therefore suitable for light-colored soaps. 
The product is obtained from coal tar by treatment with sulfuric acid and 
oxidation agents followed by distillation. 

The tar or tar product may be worked into the finished soap in the 
crutcher. In the case of cold-process soaps, it is blended with the soap mass 
before pouring into molds. In the case of liquid soaps it is usually dissolved 
in the saponification lye together with glycerine and a little alcohol. 

The following formulas for tar soaps are from Pharmaceutical Formu- 
las :84 


BIRCH TAR SOAP 


Birch stat —<—<—— 0 BD ie en, puree eee 100 g. 
Waters 2... 0. wee A Sr 
Lavender oil - PA eet es = 1 5g. 
Coconut oil soap see See Vee =" . 900 g. 
TAR SOAP 
I 
Wood tar - a = etek = _ Weg. 
Coconut oil soap ..____ de _ = 90ie 


II (Unna’s formula) 
Wood tar eee eS ee ee 
Diperiattedusoap! base. == = ee — 8G S, 


For making coal tar soap, the best base to employ is a good milled soap. 
Coal tar soaps have been replaced largely by the wood tar variety, i.e., birch 
tar (5-10%), and juniper tar. Before crutching the tar into the soap, it is 
usually neutralized with alkali, while in order to maintain a standard of in- 
tensity and permanence of color a small amount of aniline black is generally 
incorporated. After crutching, the soap is framed, slabbed, and milled in 
the usual way. A milled tar soap can be made by mixing 40 lbs. of yellow 
soap stock with 5 lbs. of tar. 

Pine Tar. U.S.P. XTIT. is also suitable for the preparation of tar soaps. 


81 Pharmaceutical Formulas, Vol. Il, 10th ed., Forrester, ed. Chemist & Druggist, 
London, 1934, pp. 564-565. 
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It is a product obtained by destructive distillation of wood of Pinus palustris 
Miller, or other species of pine. It is a blackish brown, viscous liquid heavier 
than water, and with an empyreumatic odor and sharp taste. It is slightly 
soluble in water, and soluble in alcohol, chloroform, ether, acetone, glacial 
acetic acid, fixed and volatile oils, and in solutions of caustic alkalies. The 
principal constituents are turpentine, resin, guaiacol, cresol, methylcresol, 
phenol, phlorol, toluene, xylene, and other hydrocarbons. 

Juniper tar, U.S.P. XIII, is suitable for incorporation in soaps as well. 
It is a dark brown, more or less viscid liquid with a smoky odor, acrid, and 
having a slightly aromatic taste (specific gravity 0.950-1.055 at 25/25°; re- 
fractive index 20°, 1.510-1.530). Juniper Tar is very slightly soluble in wa- 
ter, soluble in three volumes of ether, chloroform, amyl alcohol, glacial 
acetic acid, and in oil turpentine; it is partly soluble in alcohol or petroleum 
benzene. 

It may be suitable to use tar in combination with a solvent to produce a 
solvent-tar soap. If this soap is used on the skin or scalp it should be borne 
in mind that such soap will have a strong fat-removing effect, which is of 
advantage in cases of oily skin, but not dry skin. Only small amounts of 
solvent, e.g., turpentine oil, pine oil or isopropyl alcohol, should be used, so 
that the tar does not penetrate too deeply into the skin. Tar-solvent soaps are 
again a field in which the dermatologist and soap chemist should cooperate. 

Salicylic acid is not a powerful disinfectant but has other valuable quali- 
ties to recommend it for skin cosmetics (e.g., prevention of perspiration). 
A‘point to remember when preparing salicylic acid soaps is that they keep 
only when in the anhydrous or nearly anhydrous form. Milled salicylic acid 
soaps are therefore to be especially recommended. 


Curd soap 2 25 ke. 
Lanolin ae 28 a 0.5 kg. 
Salicylic acid : Bact = 2kg. 


The salicylic acid, curd soap, and superfatting agent are mixed together and 
put through the rollers three or four times. Salicylic soap pastes are pre- 
pared by incorporating the acid with a water-containing potash soap with a 
high petroleum jelly content. 

Borax soaps are easily prepared, especially in the solid form. The borax 
content usually ranges from 5 to 10%, based upon the curd soap, and the 
borax is added only after saponification is complete. Borax soaps are very 


effective as a soap for dogs; here the percentage may be much higher. 

Camphor soaps are on the market only in the solid or paste form. They 
are notable for affording exceptional protection against frost. The usual 
content of camphor is 5%, but this can be reduced to about 1% in the case 
of camphor soaps intended mainly for cosmetic purposes, 
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Sulfur, a highly popular addition, is used in the form of sulfur flowers or 
colloidal sulfur. The sulfur flowers may be added either to the caustic lye 
used in making the soap or to the manufactured soap mass. Potassium sulfide 
is used to prepare colloidal sulfur; it is dissolved in the minimum quantity 
of hot water and added in a proportion not exceeding 30% to the hot soap 
mass. The application of polysulfides in the saponification lye is described 
by German Patent 424,489, The proportion of sulfur in ordinary sulfur 
soaps ranges from 3 to 10%. Sulfur soaps are frequently prepared in com- 
bination with beta-naphthol, tar, glycerine and camphor. Also, they are fre- 
quently superfatted. The action of sulfur is weakly reducing and antipara- 
sitic; sulfur-containing soaps are especially indicated for skin diseases such 
as acne, seborrhea, etc. Although amorphous and even crystalline sulfur is 
used, colloidal sulfur is more effective. The following formulas for different 
sulfur soaps may serve as examples:®? 


SULFUR SOAP 


Sul ftirgs << Meee. aero eS ee 5 parts 
(Clofeayarene Onlll ee) —$— sa ee SOND ATTS 


TI (Unna’s formula) 


Precipitated sulfur _ = Zs . 10 parts 
Superfatted soap base ras 90 parts 


CAMPHORATED SULFUR SOAP 


Precipitated sulfur es 10 parts 
Powdered camphor - parts 
Superfatted soap base . : 85 parts 


SULFUR TAR SOAP 


Unna’s formula 


Precipitated sulfur bs = — a —--. 9 parts 
Wood tar  _.... a ele ee ee) SORDALLS 
Superfatted soap base  ___. — a 90 parts 


An important addition to medicated soap is ichthyol, frequently used in 
combination with sulfur. Ichthyol®* is a viscous, almost black substance with 
a disagreeable odor, consisting chiefly of the ammonium salts of the sulfonic 
acids of an oil prepared from a bituminous schist. It contains not less than 

82 Pharmaceutical Formulas, Vol. I, 10th cd. Chemist & Druggist, London, 1929, 


Deol 
83 Extra Pharmocopoeia, Vol. I, l.c., 621, 
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10.5% of organically combined sulfur, and sulfur as sulfates is not more than 
one-fourth of the total sulfur. It contains not more than 50% of water. 
Ichthyol is soluble in water, partly soluble in 90% alcohol and in ether, and 
miscible with glycerine and fixed oils. The following formula is given for a 
milled ichthyol-sulfur soap :** 


Soap chips ee ee 28 Ibs 
Tehthyol al ge 4.5 oz. 
Teteniacaleyinegay 2 ee 2 o2. 
Zine oxide _ peor aN 2 oz. 
Flowers of sulfur __... a : See.) Befoz: 
Chlorophyll (oil-soluble) . ty oli5,07 
Medicated perfume ....... . 3, s4ioz: 


Formaldehyde soaps are good disinfectants and consequently enjoy wide 
popularity in hospitals and as a means of disinfecting sickroom utensils. An 
oxidation product of methyl alcohol, formaldehyde is a colorless gas, in- 
tensely irritating to the eyes. It is soluble in water and is sold commercially 
as a 40% solution under the name of formalin. The pungent odor and 
caustic action of formaldehyde are considerably weakened by the soap sub- 
stance. In percentages of 12% (as 40% formaldehyde solution) formalin 
added to milled soap imparts to such soap better germicidal properties. 
Often, polymerized formaldehyde (paraformaldehyde) is used in percentages 
up to 5% as addition to milled soap. But the best known formaldehyde soap 
preparation is Lysoform, which probably consists essentially of an aqueous 
solution of formaldehyde and potash soap. Liquid formaldehyde-soap prep- 
arations must be stored in well-closed bottles, because of the ready volatility 
of formaldehyde. A formaldehyde-soap solution completely identical with 
Lysoform is prepared, according to Schrauth,®* as follows: 


30 parts of coconut oil is saponified by vigorous mixture with a solution of 8 parts of 


pure caustic potash in 20 parts of water and about 10 parts of spirits until a uniform, 
pasty, transparent mass is formed. Enough 40% formaldehyde solution is stirred into 


the still-warm soap to bring up the weight to 100 parts. A complete solution is formed 
at once and left to settle for some time. The alcohol is necessary to produce a readily 
soluble soap, since the alcohol-free preparation turns cloudy with water. If much free 
alkali is present in the alcohol-free aqueous solution, it remains clear for some time, but 
later deposits a dark sediment. 


Formaldehyde soaps in paste form are less commonly encountered in com- 
merce. , 

A very important group of additions to medicated soaps are the mercury 
compounds. Soaps containing mercuric iodide arc the most common form of 
mercury soaps and go back to an old English patent of Thompson (No, 9591 
of 1886}. Mercuric iodide is dissolved in a hot aqueous solution of potas- 
sium jodide to form K.Hgl, and the solution is incorporated into the previ- 


84M. A. Lesser, “Medicated Soaps,” Soap, 20, No. 10, 35 (1944). 
85 Schrauth, Medicamentoese Seifen, Springer, Berlin, 1914, p. 75, 
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ously prepared curd soap chips. Mercuric chloride, HgCl, is more difficult 
to incorporate, as this salt may form the mercury fatty acid salt in the soap, 
which then splits up into mereury and fatty acid, making the soap no longer 
effective. Better results are obtained in soap with mercury oxycyanide, 
Hg(CN.HgO). Mercury soap is especially popular as a disinfectant in gyne- 
cology. It is usually applied solid and only rarely in the liquid form. The 
results of experiments with mercuric compounds in combination with soap 
are reported in the McCulloch text.*° 

The rather unusual effect of soap on the germicidal action of mercury was 
discussed by Hamilton,*** who found that, when admixtures of soap and 
potassium mercuric iodide or the so-called diiodide of mercury were tested 
on Eberthella typhosa, the soap merely acted as a vehicle, but upon Siaphylo- 
coccus aureus the soap increased the germicidal action of dilutions of the 
mercury approximately three times. Hampil®®® reported that a certain 
strain of Staphylococcus aureus required a 1:1,000 potassium mercuric 
iodide solution to kill in five minutes, but when 1% sodium oleate was present 
the organism was killed with a 1 : 300,000 mercury solution. Somewhat 
similar results were obtained with commercial soaps. 

A special mercury compound, Afridol, sodium hydroxymercuri-toluate, 
HO - Hg(CH;) -C.H;COONa, containing 53.5% mercury was patented by 
I. G. Farbenindustrie (German Pats. 216,828 and 233,437) and is suitable 
for incorporation in soap in small percentages (e.g., 0.1%). 

The following list of some less important additions to milled soap are 
given: 


Percentages 
Ingredient commonly 
used 
BANapBtlio let es... o cK h cet sare I.... eee ES cel 5 
Tannic acid ___ : = 7-10 
Hucalyptusmoi) © eat a tne, 2 a 3-4 
JUN (cit) eet eee ee e.. Mean ey. Re 3 
Carvacrol il ses. Roepe ares ae: 3 
Sa] Olipeeee eee Aa. ee el 253 
Potassium iodide = SS Eee... tees 5 
Resoreinol ____ . — = a shar ni 4-5 
Menthol ee, eee as. an 2-3 


2Jn dentifrice soaps more menthol is generally used. 


A new germicidal ingredient, developed by Givaudan-Delawanna, Inc.,*7 


86 E. C, McCulloch, Disinfection and Sterilization, 2nd ed., Lea & Febiger, Philadel- 
phia, 1935, pp. 267-268. 

86a H. C. Hamilton, J. Am. Pharm. Assoc., 9, 597 (1920). 

86b B. Hampil, 4m. J. Hyg., 13, 623 (1931). 

“WwW. Gump, The Givaudian, March and April, 1945. The patents relating to G-11 
are U. S, Pat. 2,250,480 (W. S. Gump) and British Pat. 545,648 (E. C. Kunz and W. S. 
Gump). Also U. S. Pat. 2,535,077, Dec., 1950 (to Sindar Corp., an affiliate of Givaudan 
Delawana). 
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is marketed under the name of G-11, or hexachlorophene, and is prepared 
hy condensation of two molecules of 2,4,5-trichlorophenol with one molecule 
of formaldehyde in the presence of concentrated sulfuric acid, as shown in 
the formula: 


OH OH OH it OIL 
Cl ek tO AS cl 
HCHO; —> + H,0 
Cl Cl Cl) Cl 
Cl Cl Cl Cl 


forming the compound bis-(2-hydroxy-3,5,6-trichlorophenyl) methane. G-11 
is a white, crystalline substance, melting at 164-165°C. It is practically in- 
soluble in water, but soluble in alcohol, acetone, and dilute alkalis. When 
tested in the form of its monosodium or potassium salt, this compound is 
strongly bacteriostatic and bactericidal against Staphylococcus aureus and 
other Gram-positive bacteria, but is of considerably lower activity against 
Gram-negative microorganisms such as Eberthella typhosa and Escherichia 
coli, Its phenol coefficient against S. aureus at 37°C., determined by the 
Food and Drug Administration method of Circular No. 198, is approximately 
125. The substance is relatively nontoxic, with a minimum lethal dose for 
guinea pigs of about 300 mg. per kilogram body weight. Very extensive re- 
search shows that G-11 used in a percentage of 2% in milled soap has a 
strong germicidal effect. It is beyond the scope of this review to go into de- 
tails of the tests employed to prove the efficiency of a 2% G-11 toilet soap, 
but the evidence brought forward by well-known bacteriologists** seems to 
justify the conclusion that the compound G-11 is a great step forward in the 
development of a germicidal toilet soap useful for the general public and for 
the medical profession as well. A retail product (Dial-Armour & Co., Chi- 
eago) containing the ingredient has met with outstanding success on the 
American market and it is being used in shaving creams. The Sindar Corp., 
an affiliate of Givaudan-Delawanna is licensing their U. S. Patent 2,530,077 
to interested parties. 

Very probably this is the most important germicidal additive available 
today for soap use. McCord®® also includes mercuric iodide in this category. 

With the advent of hexachlorophene interest in disinfectant soaps be- 
came much greater. It became more and more important to define the term 


“disinfectant soap.” Pritchard®®* proposes the following definition: “A soap 
is to be considered disinfectant if a 5% to 1U% solution can be shown to kill 


88. F. Traub, C. A. Newhall, and J. R. Fuller, Surg. Gyn. Obst., 79, 205 (1944). 
H. J. Udinsky, J. Med. Soc. New Jersey, 42, No. 1, 15 (1945). 

89 C, P. McCord, Ind. Med., 17, 421 (1948). 

89a], Pritchard, Mfg. Chemist, 23, 227 (1952). 


XXII. MEDICATED SOAPS 009 


mixed skin culture at 37°C. in the presence of organic matter.” The same 
authority gives detailed methods for testing disinfectant soaps. 


(5) Soap Liniments 


Two official prescriptions for liniments built on the basis of soap are 
given, They are taken from National Formulary VII (1942). 


COMPOUND LINIMENT OF SOFT SOAP 


Sottisoap =... a ee a & 150 g. 
litigate 2 ee a 4 20 g. 
Alcohol, a sufficient quantity to make - ee SB 1000imi: 


Soften the soap by warming it in a dish on a water bath; remove it from the heat, 
mix it with 750 ml. of alcohol, and when it has dissolved add the juniper tar. Then filter 
the liquid, and wash the filter with sufficient alcohol to make the product up to 1000 ml. 
Mix well. 


CAMPHORATED SOAP LINIMENT 


Monohydrated sodium carbonate pileoree se ete EIN a 10 g. 
Sigeriate CoG! 2 -. = eae 50 g. 
Camphor, in coarse powder a a eee eee OL | ey) (a 
Water” ae eee SAIN DeP A coins ee ite eet eee Bo 100 ml. 
Oil ofethyme: = eee ee SS eee Som 
Oil of rosemary - 2 ae. PN. excel 5 es 6 ml. 
Dilute solution of ammonia (10%) — 2 —— i) raall, 
Alcohol, a sufficient quantity to make as =. 1000 ml. 


Dissolve the monohydrated sodium carbonate in the water with the aid of heat, add 
200 ml. of alcohol and the stearic acid, and heat the mixture until effervescence has 
ceased and solution results. Add the oils and camphor, dissolved in 500 ml. of alcohol, 
then the dilute solution of ammonia and sufficient alcohol to make the product measure 
1000 ml. Mix well, and filter the liniment while warm. Pour the filtered liquid into dry. 
wide-mouthed bottles, stopper, and set aside to cool. 


SUBJECT INDEX 


A 


Abrasion, rate of, 367-8 
Abrasives, 449 
Abrasive soaps, 444-56 
Acetone, 435 
Acetyl value of fats, 206-11 
Acid value of medicinal soap, 499 
Additives in medicated soaps, 499-509 
Afridol, 507 
Aftersoftening, 142 
Aging, electrolyte conversion in, 133 
Agitation process, of oil hardening, 233, 
234-237 
Agricultural emulsions, 191 
Alcohols. See also under specific alcohol, 
as Amyl alcohol. 
in liquid soaps, 461 
in refining of fats, 223 
toxicity of, 435 
Alkali carbonate, 13 
Almond oil, 206, 283 
Alumina, 461 
Amines, as builders, 189-91 
Aminoethylethanolamine, 191 
Ammonia, for dry cleaning soaps, 432 
organic derivatives of, 189-191 
properties of, 181-182 
Ammonia-soda process, 155-6 
Amyl acetate, 436-7 
Amyl alcohol, 431, 436-7. See also Alcohols. 
secondary, 436-7 
Anhydrous soap, 59-64, 74. 
Animal fats. See Fats. 
140-141 
Anionic detergents, 431 
Anthrasol, 503 
Antioxidants, 217 
Antistatic agents, 432, 434 
Arachidic acid, 305 
Arctic crystal, 456 
Aubepine powder, 483 
Autocatalytic stage of saponification, 27 
Auto soap, 303 


Anion exchangers, 


B 
Babassu kernel oil, 206, 215, 453 
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Bamag process, 234-237 
Bar soap(s). See also Cake soap(s). 
building of, 417-22 
drying of, 130-131 
for shaving, 472-5 
from soapstock, 221 
petroleum, 428 
shape, 123 
Bassia fats, 286 
Bay region, 80, 84 
Beef tallow soap, 123 
Bentonite, in mechanics’ soap, 451-2 
properties of, 179-180 
Benzene, 128-30, 435, 436-7 
Benzoyl peroxide, 186, 224 
Benzyl Cellosolve, 436-7 
Binary phase diagrams, 67, 72, 74-6 
Bleaches. See also under specific bleaches, 
as Bleaching earth, Chlorinated lime. 
for soap, 183-7 
Bleaching, of fats, 223-230 
of palm oil, 286-8 
of soft soap, 393, 397 
Bleaching earth, 220, 227-30 
Bloom, 419 
Boiling clear, 341-3 
Boiling conditions, 25 29 
Boiling range of solvents, 436 
Bone fat, 293 
Bone grease, 380 
Borax, 177-8, 451, 483, 486 
Borax soap, 504 
Boric acid, 220, 477 
Borneo butter, 286 
Borneo tallow, 206 
Breaking strength of fabric, 417 
Brine, 338 
Brushless shaving cream, 480—1 
Bubble flutter test, 358, 378 
Builders. See also under specific com- 
pounds, as Bentonite, Ethanolamine. 
and soap solubility, 86-87 
definition and merits, 155, 413 
effect on fabric, 416—/ 
for special soaps, 443-4, 455-6, 483-4, 
486 
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Builders (continued) 
germicidal action of, 494 
inorganic, 155-182 
organic, 189-198 
Building, of bar soap, 417-20 
of soft soap, 398-9 
Built soap(s), manufacture of, 412-23 
properties, 420-3 
Bunching, 24, 26, 30, 335-6, 389 
n-Butanol, 436-7. See also Alcohols. 
sec-Butanol, 436-7. See also Alcohols. 
n-Butyl acetate, 436-7 
sec-Butyl acetate, 436-7 
Butyl Carbitol acetate, 436-7 
Butyl Cellosolve, 433, 436-7 
Butyl Cellosolve acetate, 436-7 


C 


Cake shampoo, 482-3 
Cake soap. See also Bar soap. 
sweating of, 132-34 
Calcium salts, removal from water, 138-42, 
173 
sequestering of, 191 
Calgon, 87, 142, 484 
Camomile, 484 
Camphor, 480, 505 
Camphorated soap liniment, 509 
Camphor soap, 504 
Capric acid, 261 
Caprylic acid, 261 
Carbitol, 430, 436-7, 480 
Carbitol acetate, 436-7 
Carbolic acid. See Phenol (s). 
Carbon, activated, 229 
Carbon tetrachloride, 429-30, 435, 436-7 
Carbowax (es), 460, 489 
Carboxymethyl cellulose, 193-4, 398-9 
Carotenoids, 203 
Castile soap, 431 
Castor oil, 206, 284-5, 401, 465, 485 
Castor oil soap, 118 
Catalysts, fat-splitting, 246-7, 249, 250-4 
saponification, 36-37 
Cation exchangers, 140-141 
Causticity ratio, 384 
Caustic potash, for cold process, 405 
for special soaps, 385, 431, 472-3, 478 
equivalent factors of, 182 
in refining of fats, 220-221 
properties, 152-3 
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Caustic soda, for graining-out, 27, 381 
for special soaps, 389, 400, 431, 449, 
472-3 
equivalent factors of, 182 
handling, 148 
in refining of fats, 220-223 
in niger, 359 
migration of, 131-132 
preparation of solutions, 150-151 
production, 143-4 
properties, 144-148 
sodium carbonate from, 156 
storage, 148-150 
Cellosolve, 430, 436-7 
Cellosolve acetate, 436~7 
Chinese vegetable butter, 206, 286 
Chlorinated hydrocarbons. See also under 
specific compounds, as Carbon tetra- 
chloride, Chloroform. 
in special soaps, 428, 431, 452 
properties, 435, 436-7 
Chlorinated lime, 183-4 
Chlorine, 225-6, 346 
Chlorine compounds, 183-186 
Chlorine dioxide, 226 
Chlorobenzene, 436-7 
Chlorocresol, 501 
Chloroform, 431 
Cholesterol, 204 
Circulation process, of oil hardening, 233, 
237-8 
Citronellol, 420 
Clarification of liquid soaps, 461 
Clay, red, 378 
Cocoa butter, 206, 286 
Coconut oil, advantages of, 288-90 
characteristics of, 206, 305 
for liquid soap, 457, 459, 460 
for special soaps, 351, 428, 444, 451, 453, 
465-6, 473, 476, 482, 484, 485, 492 
for unsettled soap, 381, 382 
glycerine content, 356 
in cold process, 401, 403 
lye-limit concentration for, 350 
role of, 370-1 
Coconut oil soap 
for shampoos, 483 
germicidal effect, 495 
glycerine content, 118 
properties, 123, 215, 367-8 
salting-out of, 351 
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Coefficient of expansion of solvents, 437 
Cohune nut oil, 206 
Cold-made soap, 129, 482 
Cold process, for special soaps, 472, 474-5, 
484-5 
practical, 401-412 
principles of, 14, 24-5, 30-8, 309 
Cold saponification. See Cold process. 
Coloring. See aiso Dyeing. 
of shampoos, 483 
Color(s). See also Dyes. 
for transparent soaps, 471 
of soaps, 215 
Colza oil, 281 
Commercial soap, composition, 90 
definition, 51, 57 
phase diagrams, 85-86 
Conditioning agents in shampoos, 489-90 
Consistency, of shaving creams, 481 
of soaps, 215 
Consumption, of soap, 3 
of fats, 202 
Contact angle of soap builders, 167 
Continuous process, of fat refining, 221-223 
of fat-splitting, 254-5 
of fatty acid distillation, 256-9 
of oil hardening, 234, 238 
Cooling curves of soap systems, 122 
Cooling rate of neat soap, 124-126 
Cornmeal, 450 
Corn oil, 207, 220, 280. See also Maize oil. 
Corrosion, by caustic, 150 
by shaving soaps, 472, 479 
Cosolvency, 430-1 
Cotton, scouring, 439 
Cottonseed foots, 342-3 
Cottonseed oil, bleaching, 224 
for special soaps, 387, 396-8, 444 
production, 277 
properties, 207. See also Fats, character- 
istics of, 
refining, 220, 277-8 
Cottonseed oil soap, 118, 123, 215, 346 
Cotton stearine, 278-9, See also Stearine. 
Countercurrent washing, 319-28, 340 
Cresol, in medicated soaps, 500-1 
Cresylic acid. See Cresol. 
Crystullinc phases uf soap, 69 
Crystallization of fatty acids, 262-4 
Curd. See also Curd fibers, Curd soaps, and 
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Supercurd. 
composition, 92-93, 95, 320, 380-1 
concentration range, 82, 83 
definition, 69 
drying, 129 
fat content, 343-4 
glycerine content, 117-121 
-on-lye system, 89-93, 95-7, 113-7 
salt content, 113-7 
separation from niger, 117 
temperature range, 61-62, 67, 73 
Curd fibers, definition, 69 
Curd soap(s), bleaching of, 346-7 
settled on clear lye, 333-48 
Cyclohexane, 431, 436-7 
Cyclohexanol, 428-30, 432, 436-7, 439. See 
also Alcohols. 
Cyclohexylamine, 190-191 


D 


Deacidification of fats, 223 
Decahydronaphthalene. See Decalin. 
Decalin, 430, 436-7, 439 
Deionizing of water, 140-141 
Density, of fats, 206-11 
of olive oil, 283 
of solutions, of ammonia, 181-2 
oi caustic potash, 152-3 
of caustic soda, 145-147 
of potassium carbonate, 160 
of potassium chloride, 161 
of sodium carbonate, 159 
of sodium chloride, 161, 215 
of sodium silicate, 164 
of solvents, for solvent soaps, 437 
Dentitrice soap, 286 
Deodorization, of fats, 230-31 
of tallow, 291 
Dermatitis, 435, 451, 463. See also Skin 
diseases, 
Desliming of fats, 219-20 
Detergency, and pH, 414, 416 
of alkylcelluloses, 193 
of bentonite, 179-180 
of lignin, 195-6 
of phosphates, 174 
of silicates, 165-166 
ot soaps, related to fat, 215 
of special soaps, 365, 439-40, 443, 455 
of starch, 192 
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Detergents, synthetic, cellulose derivatives 
in, 194 
in special soaps, 431, 434, 441, 444, 453, 
455 
statistics, 4 
Deterioration of fats, 216-218 
Diamyl tartrate, 431 
Diatomaceous earth, 448-9 
Dibutyl tartrate, 431 
Dichlorobenzene, 435, 436-7 
Dichloroethyl ether, 436-7 
Dichlorometaxylenol, 501 
Diethyl Carbitol, 436-7 
Diethyl Cellosolve, 436-7 
Diethylene glycol monoethyl ether, 476 
Diglycerides, 202 
Diglycol laurate, 490 
Diglycol oleate, 490 
Diglycol stearate, 490 
Dilatometer curves, 72 
Dilatometry, and transition points, 61-62 
Dipentene, 436-7 
Disinfectants, 499-509 
Disinfectant soap, 508 
Disodium phosphate, 141 
Distillation. See also Steam distillation. 
of fatty acids, 256-62 
Dresinate, 456 
Dry cleaning soaps, 191, 303, 431-5 
Drying, of soap, 124-6, 128-32 
Drymet, 165 
Dyeing. See also Coloring. 
of soaps, 378, 401, 410, 451 
Dyes. See also Colors. 
fluorescent, 196-8 
for shampoos, 483 


E 
Elaidic acid, 47-8 
Electrolyte (s) 
concentration of, and boiling conditions, 
19-30 


and fatty acids, 331 

and graining-out, 338 

and suap yield, 353-4 

in cold process, 402 

in fitting operation, 90, 97-101 
in full-boiled process, 321 

in neat soap manufacture, 348-9 
in soft soap, 384, 390 
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conversion at aging, 133 
deficiency of, 358, 379 
distribution between phases, 
354-5 
migration of, 131-3 
resistance, of salt water soaps, 453 
Emersol process, 263 
Emulsification, in cold process, 403 
Emulsifying agents, for solvent soaps, 428, 
430, 434 
in liquid soaps, 458 
Emulsions, agricultural, 191 
Energy consumption, statistics, 6 
Enzymes, in fat-splitting, 244-5 
Equilibrium, among soap phases, 64-86, 343 
in packed soap, 131 
in practical soap-boiling, 89-107 
Equivalent factors, of alkalies, 182 
Eschweger soap, manufacture, 375-82 
Esters, toxicity, 435 
Ethanolamine myristates, 261-2 
Ethanolamines, 189-90. See also under 
specific compounds, as  Diethanol- 
amines, Ethanolamine myristate. 
Ethers, toxicity of, 435 
Ethyl acetate, 436-7 
Ethyl alcohol, 436-7, 461, 465. See also 
Alcohols. 
Ethylcellulose, 193 
Ethylenediamine myristate, 261-2 
Ethylenediamines, 189 
Ethylenediamine tetraacetic acid, 191 


113-117, 


Ethylenediamine tetrasodium acetate, 462 
Ethylene dichloride, 436-7 

Ethyl propionate, 436-7 

Ethyl stearate, 490 


¥F 


Fabric, effect of builders on, 416-7 
Fat(s), characteristics of, 201-4, 207-11, 
213, 240, 283. See also under specific 
properties, as I. N. S. factors, Iodine 
values. 
characteristics of soaps from, 215 
charges, See also Formulas for. 
for special soaps, 376, 377, 380, 383, 
387-8, 465, 472-3, 474, 476 
in semi-boiled process, 409-10 
classification, 212-216 
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Fat(s) (continued) 
composition, 206-11 
and fitting conditions, 92-93 
and lye-limit concentration, 94 
and soap drying, 129-130 
constants, 206-11 
consumption, 202 
criteria for choice, 303-4 
deterioration, 216-218 
for special soaps, 364, 369, 371, 382, 
443-4, 454 
refining, 219-231 
saponification. See Saponification. 
splitting of, continuous process, 254-5 
under pressure, 249-253 
with enzymes, 244-5 
with sulfuric acid, 245-249 
synthetic, 5 
test for, in soap, 337 
Fatty acids, advantages of, 264 
concentration in soap, 331 
distribution among soap phases, 95-9, 
MOB I= 7/ 
for special soaps, 383, 384, 388, 389, 392, 
430, 431, 451 
germicidal action, 496 
in semi-boiled process, 408, 411 
melting point, and solidifying point of 
soap, 123-4 
neutralization of, 13, 220-3 
of various fats, 207-11, 277, 283 
of various soaps, 361, 368 
production, 243-256 
from various fats, 256, 274, 283, 289- 
90, 293, 294-5 
properties, 204, 205, 213, 305. See also 
under specific properties, as Iodine 
value, Melting point. 
refining, 256-64 
structure, 46-8 
synthesis, 264-69 
Feathering, 353, 375 
Feldspar, 445, 440 
Felting soaps, 440-3 
Fenchone, 436-7 
Figged soaps, 169, 185, 396-7, 440, 471 
Villers, 155, 191-3, 413. See also under 
specific compounds, as Carbomethoxy- 
cellulose. 
Filling, of cold-made soap, 405-6 
of soft soap, 398-9 
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Fish oil, 235, 293-5, 397-8 
Fish oil soap, 123 
Fitting, conditions for, 90, 114, 117 
control, 362-4 
indirect, 358-9, 373-4 
in full-boiled process, 323-4 
of neat soap on niger, 352-354 
of soft soap, 391 
of vegetable oil soaps, 351 
quantitative, 362 
Fitting lye concentration, 91-3 
Fixatives, 468 
Flake soap, 195, 440, 459 
Flash point of solvents, 436 
FLC. See Fitting lye concentration. 
Floating soaps, 408, 409 
Flower test, 390 
Fluorescein, 471 
Fluorescent dyes. See Dyes, fluorescent. 
Flutter test, 358, 378 
Foam, 215, 434, 488. See also Lathering. 
stability, 476 
Formaldehyde, 506 
Formulas for 
abrasive soaps, 445, 446-8, 450-1, 452-3 
built soap, 398-9 
cold-made soap, 405-6 
fat charges, 349-50, 371, 376, 379, 396, 
397-8 
filled soaps, 405-6 
liquid soaps, 457-9 
medicated soaps, 498, 500-2, 504-7, 509 
mottled soaps, 379 
sea water, 455 
semi-boiled soap, 409-12 
shampoos, 483-9 
shaving soaps, 192, 478-5, 476-7, 478-9 
soapstocks, 303 
solt soaps, 585-8, 393, 396-400 
solvent soaps, 429-30, 432-4 
textile soaps, 441-2 
transparent soaps, 465-8, 469-70 
washing agent, 196 
washing powder, 195 
Fractionation of fatty acids, 256-64 
Full-boiled process, 311~32 
Full-boiled soaps, settled, 333-73 
unsettled, 375-401 
Hulling soaps, See Felting soaps, 
Fungicidal action, 451 


Furfural, 223 
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G 
Galen, 1 
Garbage grease, 292-3 
Geber, 1 


Genotypic transition, 49-50, 59 
Germicidal action, 492-7 
Glass, effect of soap on, 462 
test, 389 
Glued-up soap, 420, 422-3 
Glue fat, 224 
Glycerine, advantages of, 383 
content of coconut oil, 356 
distribution among soap phases, 117-121 
in special soaps, 393, 450, 458, 465, 473, 
476, 486, 505 
loss of, 315 
recovery of, from settled soaps, 337, 338 
in full-boiled process, 315, 322, 324, 
325-8 
in neat soap manufacture, 350, 356-8 
yields of, 215, 350-1 
Glyceryl monostearate, 475, 490 
Glycols, 431 
Graining out. See also Salting-out. 
and salt concentration, 96 
during saponification, 19, 20, 27, 28-9, 
83-4 
in full-boiled process, 321 
in manufacture of mottled soap, 377 
of settled soaps, 338-40 
tests for completion of, 322 
with caustic soda, 381 
Greases, 292-3 


H 


Half-boiled process. See Semi-boiled proc- 
ess, 
Half-neat soaps, manufacture, 375-82 
Hand soap, 285 
Hardening, of oils. See Hydrogenation, of 
oils, 
Hardness, of abrasives, 448 
of soap, 55-7, 115-6, 365-70, 439, 468 
of water, 137-142 
Ilard soap, medicated, 497 & 
Hard water, in textile processing, 438 
Heat of hydration, 127-8 
Heat of saponification, 14 
Hemp seed oil, 207, 275 
Henna, 483 
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Hercosol, 436-7 
Hexachlorophene, 501, 508 
Hexalin. See Cyclohexanol. 
Hexametaphosphate. See Metaphosphate. 
Hexane, 431 
Hexyl alcohol, 436-7. See also Alcohols. 
History of soap industry, 1-5 
Horse fat, 292 
House grease, 292 t 
Household soap, by full-boiled process, 
328-9 
composition, 351-2 
fat charges for, 349-50 
from coconut oil, 290 
uses, 384 
Humidity curves of hydrated soaps, 72 
Hydrated soaps, forms of, 122 
mesomorphic modifications of, 64-65 
phase diagrams, 66-86 
Hydration, heat of, 127-8 
Hydration process, of fat desliming, 220 
Hydrocarbon oils, 400, 428, 431. See also 
Mineral oil, Petroleum. 
Hydrogels, 51 
Hydrogen, for oil-hardening, 238-40 
Hydrogenated oils. See Oils, hydrogenated. 
Hydrogenation, of corn oil, 279 
of cottonseed oil, 279 
of fish oils, 294 
of oils, 233-241 
of peanut oil, 282 
of rosin, 296 
of sunflower seed oil, 277 
Hydrogen peroxide, 186, 224 
Hydrosols, 51-53 
Hydrosulfites, 224 
Hypochlorite(s), 184-6, 346-7, 393-4 


I 
Ichthyol, 505 
Idrapid saponifier, 246 
Illipé fat, 207, 286 
Individual wash system, 317 
Injection process, of oil hardening, 233, 
Zoiao 
I. N. S. factors, 365-7 
Iodine value, and hardness of soaps, 365 
of coconut oil, 289 
of fats, 206-11 
of fatty acids, 205 
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of hardened oils, 241 

of medicinal soaps, 499 

of olive oil, 283 
Ton exchange, in water softening, 139-141 
Tron oxide, 173, 378 
Tron salts, 142, 184, 191 
Isobutanol, 436-7. See also Alcohols. 
Isobutyl acetate, 436-7 
Isohygrens, 131 
Isomerization, in oil hardening, 241 
Isooleic acids, from fish oils, 293-4 
Tsopropanolamine, 433 
Isopropyl acetate, 436-7 
Isopropyl alcohol, 436-7, 469, 486. See 

also Alcohols. 

Isopropyl Cellosolve, 436-7 


J 
Japan tallow, 207 
Juniper tar, 504 


K 
Kapok oil, 207, 279-80 
Kerosene, 452 
Ketone rancidity, 217-8 
Ketones, toxicity, 435 
Kettle(s), capacity, 313-4 
corrosion-resistant, 479 
factor, 316 
plan, 315-32, 355, 357 
wax, area, 333-4, 344 
concentration range, 81-82, 83 
definition, 68-69 
Kiering, 439 
Kieselguhr, 452, 461 
Kinetics of saponification, 15-8 


L 


Lamellar micelles, 63 

Lanolin, 407, 490 

Lard, 215, 290-1, 381, 396, 398, 473 

Lathering. See also Foaming. 
qualities, 55, 351, 352, 429, 476 

Lather stability of rosin soaps, 298 

Laundering, function of soap in, 414-5 
with sea water, 455 

Laundry soap, fat charges for, 349-50 
liquid, 457, 463 
properties, 123, 369-70 
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Laundry soda. See Sodium sesquicarbonate. 
Laurie acid, 261, 305 
Le Blane process, 2, 5 
Lecithin, 490 
LFC. See Limited fitting concentration. 
Lignin, as builder, 194-196 
Lime-soda process, 144 
Lime resistance, of liquid shampoos, 488 
of solvent soaps, 428-9, 430 
Limited-fitting concentration, 101-102, 348 
Liniments, 509 
Linseed oil, for soft soaps, 387, 396-7 
properties of, 207, 273-4 
refining of, 228 
soap, keeping qualities, 274 
Liquid crystals. See Mesomorphic phases. 
Liquid soaps, 289, 457~65. See also Sham- 
poos. 
LLC. See Lye, limit concentration. 
Losses, of materials, 314-5 
of soap, 321-2 
Lye. See also Caustic soda. 
-bulk standard, 314 
composition, 113-121, 320-1, 344, 350 
concentration range, 80, 84 
entrained in soap, 350 
limit concentration, 25-7, 90, 93, 94, 350. 
See also Limited-fitting concentra- 
tion. 
loss of, 314 
neutralization of, 344 
reduced, 384-5 
soap lost in, 315 


Lysol, 501 
M 
Magnesium salts, removal from water, 137- 
142, 173 


sequestering of, 191 
Mahogany soaps, in fat splitting, 246, 247 
Maize oil, 387. See also Corn oil. 
Manometric gauge, 336, 340, 382 
Marble, 445, 449 
Marine oil, hardening, 235 
Marseilles soap, 2, 127, 429, 439, 443 
Mechanics’ soap, 449-53 
Medical soap, 204 
Medicated soaps, 283, 491-509. 
Medicinal use of soap, 1 
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Melting points, of fats, 206-11 
of fatty acids, 204-5 
of soaps, 42, 43 
Menthol, 480 
Mercuric chloride, 507 
Mercuric iodide, 506, 508 
Mercury compounds in medicated soaps, 
506-7 
Mercuryoxycyanide, 507 
Metal cleaning soap, 303 
Metaphosphates, in soft soaps, 400 
in water treatment, 142 
properties, 174-5 
Metasilicates, as builders, 163-165 
in salt water soaps, 456 
specifications for, 167-168 
Metastable state, in transparent soap, 471-2 
Methyl amyl alcohol, 436-7 
Methyl alcohol, 436-7 
Methyl Carbitol, 436-7 
Meihyl Carbitol acetate, 436~7 
Methyl Cellosolve, 436-7 
Methylcellulose, 193, 398-9, 458, 460 
in liquid soaps, 458, 460 
in soft soap, 398-9 
Methyleyclohexanol, 428-9, 436-7, 439. See 
also Alcohols. 
Methyl ethyl ketone, 435 
Micelles, 20-4, 52, 63 
Microorganisms, and rancidity, 217-8 
for testing soaps, 493-7 
Middle soap, and bunching, 26 
concentration range, 75, 82 
definition, 69 
effect of salts on, 78, 87 
Milled soap, 129 
Mineral oil, 201. See also Hydrocarbon oils. 
Mineral spirits, 436-7 
Monoglycerides, 202 
Monosodium phosphate, 141 
Morpholine myristate, 261-2 
Mottled soaps, 375-82 
Mowrah fat, 286 
Murumuru oil, 207, 289 
Mustard seed oil, 208 
Myristates. See also under specific com- 
pounds, as Ethanolamine myristate. 
properties, 261-2 
Myristic acid, 261, 305, 487-8 
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Nacconol R, 444 
Naphtha, 435, 436-7, 452 
Naphthenates, in fat splitting, 246 
Naphthenic acid, derivatives, 428 
production, 270 
Neatsfoot oil, 293 
Neat soap. See also Soap boiler’s neat soap. 
as bar soap, 420-1 
composition, 97-8, 113-9, 321, 361 
continuous supply of, 320 
cooling rate, 124-125 
drying of, 129 
finishing of, 352-4 
fractionation from, 112-113 
-niger system, 95-97 
physical chemistry, 27, 50, 54, 61-2, 63, 
77, 78, 82 
separation from niger, 102-107 
settled on niger, 348-64 
settling, and pan dimensions, 109-111 
solidification point, 123-124 
standards of purity, 412 
viscosity, 104, 109 
Nekal BX, 246 
Nematic state, 59-60 
Neutralization, of fats, 220-223 
of lye, 344 
Neutralization values of fatty acids, 112-3, 
204-5 
Niger, amount of, 99 
composition, 84, 97-8, 111-2, 113-7, 321 
concentration range, 80 
curd, composition, 361 
purification, 359-60 
definition, 84, 90 
in soap, 331 
separation, 102-7, 117 
and pan dimensions, i09-111 
temperature range, 68 
Niger seed oily 208, 275 
Nomogram, for recovery of glycerine, 120— 
121 
Non-ionic detergents, 431, 444, 460, 462 
Nullapon, 462 
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Octadecenol, 490 
Octyl alcohol, 436-7. See also Alcohols. 
Odor, of dry cleaning soaps, 434 
of shaving soaps, 473 
of soaps, related to fat, 215 
of transparent soaps, 468 
Oils. See also Fats, Hydrocarbon oils, and 
specific oils, as Almond oil. 
hydrogenated, history, 5 
hydrogenation of, 233-241 
perfume, 471 
polymerization, 5, 294-5 
vegetable, 273-90 
Oleic acid, characteristics, 47, 205, 305 
crystallization, 263-4 
for special soaps, 433, 439 
Olive kernel oil, 208, 284 
Olive oil, characteristics, 208, 283-4 
for liquid soaps, 457 
Olive oil foots, 283, 444 
Olive oil soap, 439, 444 
Opacity, 468 
Operating ratios, statistics, 6 
Operation control, 313-5 
Orthosilicates, 456 
Oversalting, 322, 338-9, 361, 377-8 
Oxygen, removal from water, 142 


P 


Packaging of potash soaps, 443 

Palmitic acid, 263, 305, 439 

Palm kernel oil, characteristics, 207, 288-90 
for special soaps, 351, 428, 453, 457, 459, 

465 

for unsettled soaps, 380, 381, 383 
in cold process, 401, 403 
lye-limit concentration for, 350 
soap, 215, 351 

Palm oil, bleaching, 226-7 
characteristics, 123, 208, 286-8 
for special soaps, 396, 398, 401, 465 
soap, 215, 367-8 

Pan, soap-boiling, 109-11 

Peanut oil, characteristics, 208, 282 
for special soaps, 387, 398, 444, 457 
refining of, 220 
soap, 123, 215, 367-8 
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Paraffins, 435, 436-7 
Pears soap, 472 
Peptizing, 172-174 
Performance test of salt water soaps, 455 
Perfume(s), alkali-resistant, 407, 471 
as saponification catalysts, 37 
for special soaps, 462, 471, 473 
oils, 471 
Perfuming, of cold-made soaps, 406-7 
of soft soaps, 401 
of special soaps, 451, 461-2, 474, 477, 490 
Perilla oil, 209, 274-5 
Permeation coefficients, 129 
Permutits, 139-141 
Peroxide(s), in bleaching, 186, 224 
in fats, 216-217 
Peroxide value of palm oil, 287-8 
Petroff reagent, 246 
Petroleum in solvent soaps, 428, 430, 434 
Pfeilring reagent, 246 
pH, and germicidal action, 495 
of abrasive soaps, 45] 
of builders, 163, 165, 168, 175, 176 
of shampoos, 488 
of soap solutions, 414 
of textile soaps, 439 
Phase(s). See also under specific phase, 
as Curd, Middle soap. 
concentration, 115 
Phase diagrams, See also Binary phase 
diagrams, Ternary phase diagrams. 
applied to soap boiling, 83 
of commercial soaps, 85-86 
of hydrated soaps, 66, 67, 72, 74-75, 79, 
81, 82, 85, 86 
methods of study, 69-78 
Phase rule, application of, 64-87, 89-107 
Phase volumes of various soaps, 103 
Phenols, 37-8, 499-500 
Phosphates. See also under specific phos- 
phates, as Metaphosphates, Potassium 
pyrophosphate. 
as builders, 169-77 
for water treatment, 141-142 
Phosphatides, 202-3 
Phosphoric acid, 220 
Pine oil, 436-7, 439, 450, 501 
Pine tar, 503 
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Pipelines, for caustic solutions, 150 
Polenske value of fats, 206-11 
Polyhydroxyethylene glycols. See Carbo- 
waxes. 
Polymerization of oils, 5, 294-5 
Polymorphism of soap, 49, 53-5. See also 
Phases. 
Polyphosphates, 484 
Polysilicates, 162, 166 
Polysulfides, 505 
Poppy seed oil, 209, 275 
Potash. See Caustic potash. 
Potash soap. See also Soft soap. 
for shaving soaps, 475 
for textiles, 439, 442-3 
from solid fats, 291, 292 
from various oils, 274, 275, 276, 277, 
280, 285, 288 
in liquid soap, 457 
packaging, 443 
salt water, 455-6 
Potassium acetate, 443, 461 
Potassium carbonate, as soap builder, 158 
density of solutions, 160 
equivalent factors of, 182 
for special soaps, 377, 432, 443, 465, 486 
in semi-boiled soap, 409 
in soft soap, 384, 386 
Potassium chloride, 160, 384, 385, 443, 
461, 473 
Potassium formate, 443 
Potassium hydroxide. See Caustic potash. 
Potassium hypochlorite, 185-6 
Potassium lactate, 443 
Potassium laurate, 77 
Potassium mercuric iodide, 507 
Potassium myristate, 261 
Potassium oleate, 77 
Potassium palmitate, 500 
Potassium persulfate, 186 
Potassium pyrophosphate, 177, 484 
Potassium silicate, 169, 398 
Potassium stearate, 62-3, 500 
Potassium tripolyphosphate, 177 
Powders, for shampoos, 483-5 
for shaving, 475 
Pressure saponification, in manufacture of 
soft soap, 399-400 
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principles, 37-43 
n-Propyl acetate, 436-7 
Propyl alcohol, 461 
Propylene glycol, 431, 486 
Pumice, 445 
Pumps, for caustic solutions, 150 


Quartz, 445, 449 


R 


Rancidity, of fats, 215-218 
of soaps, 303-4, 365, 393, 443 
Rape seed oil, 209, 281-2 
Rate of saponification, 16, 18 
Rayon, scouring of, 444 
Recipes. See Formulas. 
Recovery, of alkali from lye, 344 
of glycerine, 215, 315, 322, 324, 325-8, 
337, 338, 350-1, 356-8 
Red oil, 342 
Reduced lyes, 384, 385 
Refractive index, of fats, 206-11 
of solvents, 437 
Regeneration of ion exchangers, 139-1] 
Reichert-Meissl value of fats, 206-11 
Rheology, 55-57 
Rosin, characteristics of soap from, 298-300 
composition, 296-7 
history, 5 
hydrogenation of, 296 
in soap-making, 343, 347-8, 387, 408, 
450, 454-5, 465-6 
production, 295-6 
soaps, germicidal action, 494-5 
glycerine content, 118 
medicinal, 501-2 
soap yields from, 297 
Rug cleaning soaps, 433 
66% Rule, 95-100, 114-7, 173, 334 
Run soap, 420, 421-2, 423 
Rust stains, removal, 173 


Ss 


Safety factor, 6 
Safflower oil, 209 
Salicylic acid, 504 
Saipo, 1 
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Salt, as builder, 419 
density of solutions, 161, 215 
effect, in fitting, 105 
on phases of soap, 78-84 
on soap composition, 97-101 
on solubility of soap, 86 
in curd, 116, 343 
in fat refining, 220 
influence on water absorption, 126-127 
in lye, 116-117 
in mottled soaps, 377 
migration of, 131-132 
quantity used, 338-9 
specifications, 158 
Salting-out. See also Graining-out. 
and glycerine recovery, 119-121 
by builders, 86-87 
fractional, 109-111 
history, 5 
of niger curd, 359-60 
of seed oils, 351 
partial, 348 
phase rule applied to, 89-107 
Salt-water soaps, 383, 453-6 
Sand, 449 
soap, 447 
Sapo durus, 497-8 
Sapo Kalinus, 384 
Sapo Medicatus, 497-9 
Sapo Mollis Medicinalis, 498-9 
Sapones, 491 
Saponification, catalysts for, 36-37 
characteristics, of fats, 215 
chemical reaction of, 203 
conditions for, 14 
continuous method, 5 
definition, 5, 11-2 
kinetics, 15-8 
stages, 18-25 
temperatures, 37-43 
tests for completeness of, 336-7 
Saponification values, and hardness of 
soap, 365 
of fats, 204-11, 213, 283, 379, 382 
of fatty acids, 213 
Saw dust, in mechanics’ soaps, 450, 452 
Scouring powders, 447 


Scrub soap, 303, 444-56 
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Semi-boiled process, definition, 309-10 
details of, 408-12 
for special soaps, 392, 442-3, 457-8, 
465, 472, 473, 484 
Semi-countercurrent wash system, 317-9 
Separation coefficients of niger, 105-107 
Sequestering, 172, 175, 177, 191, 462, 484 
Sequestrene, 191, 462 
Sesame seed oil, 209, 280-1, 387, 444 
Settled soaps, curd-on-lye, 333-48 
neat-on-niger, 348-04 
toilet soap base, 364-72 
Settling time, 313 
Shampoos, 285, 289, 482-90 
Shaving powder, composition, 192 
Shaving soaps, brushless, 480-1 
creamy, 476-80 
preparation, 383 
solid, 472-6 
specifications for, 481-2 
Shea butter, 209, 286 
Silica, 447 
Silicates. See also under specific silicates, 
as Metasilicates, Potassium silicate. 
combined with phosphates, 173 
properties, 87, 160-9 
Silk, degumming of, 443-4 
Silver soaps, 292-3, 397-8, 440 
66% rule, 95-100, 114~7, 173, 334 
Sizing paste, 193 
Skin, diseases, 488, 491, 505. See also 
Dermatitis. 
irritation, 404 
reaction, to soaps, 215 
Smectic state, 59-60, 63-4 
Soap(s). See also specific soaps, as Auto 
soap, Bar soap, Coconut oil soap, 
Neat soap, Potassium Jaurate. 
characteristics, related to fat, 215 
definition, 11 
germicidal effect, 492~7 
history, 1-5 
hydrolysis of, 438-440 
losses of, 315, 321-2 
manufacture. See specific processes, as 
Cold process, Full-boiled process. 
590-87. See 


phase behavior, also 


Phase (s). 
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Soap(s) (continued) 
physical properties, 109-134, 367-70. 
See also under specific property, as 
Hardness, Melting point. 
specifications, 412-3. See also Specifica- 
tions. 
statistics, 4-7 
structure, 45-7 
Soap-boiler’s neat soap. See also Neat soap. 
concentration range, 75-76 
definition, 68 
temperature range, 66, 67, 73, 74-5 
Soap-boiling, equilibria in, 83 
history, 3, 5 
pan. See Pan, soap-boiling. 
phase rule in, 89-107 
phases present in, 23-24 
Soapcurd. See Curd. 
Soap flakes. See Flake soap. 
Soap gels, water absorption by, 124-126 
Soap powder, 178 
Soapstock, 221-3, 255 
Soda ash, 156. See also Sodium carbonate. 
Sodium abietate, 493 
Sodium alkyl aryl sulfonates, 444 
Sodium aluminate, 139 
Sodium arachidate, mesomorphic phases 
of, 62-63 
Sodium behenate, mesomorphic phases of, 
62-63 
Sodium bicarbonate, in fat refining, 220 
in shampoos, 483 
specifications, 157-8 
Sodium capronate, 130 
Sodium caprylate, 130 
Sodium carbonate, as builder, 155~-7, 419 
density of aqueous solutions, 159 
effect on fabric, 417 
equivalent factors, 182 
for special soaps, 377, 431, 444, 447, 
449, 465 
in fat refining, 220 
in manufacture of unsettled soap, 383-4 
in niger, 359 
in saponification of rosin, 299 
migration of, 131-132 
Sodium carbonate decahydrate, specifica- 
tions, 157 
Sodium carbonate monohydrate, specifica- 
tions, 157 


SUBJECT INDEX 


Sodium carbonate perhydrate, .specifica- 
tions, 158 
Sodium carboxymethylcellulose, 193-4 
in liquid soaps, 458, 460 
Sodium chloride. See Salt. 
Sodium chlorite, 224-6 
Sodium clupanodonate, 493 
Sodium dichromate, 226-7 
Sodium diiodosalicylate, 493 
Sodium hexametaphosphate. 
Metaphosphates. 
in shampoos, 483, 486 
Sodium hydroxide. See Caustic soda. 
Sodium hypochlorite, 184-5 
Sodium hyposulfite, 187, 394 
Sodium laurate, as antiseptic, 495 
effect in mixed soap systems, 85 
mesomorphic phases, 62-63 
phase diagram, 74, 79, 81 
solidification point, 123 
solubility, 77 
Sodium linoleate, 493 
Sodium linolenate, 493 
Sodium myristate, as antiseptic, 495 
cooling curves, 122 
in medicinal soap, 499 
mesomorphic phases, 62-63 
phase diagram, 74 
properties, 77, 261 
Sodium oleate, drying of, 130 
germicidal effect, 493 
in special soaps, 431, 439, 499 
mesomorphic phases, 62-63 
solubility, 77 
Sodium palmitate, glycerine content, 118 
phase diagrams, 67, 72 
phases, 73, 75-6 
solidification point, 123 
solubility, 77 
transition temperatures, 73 
Sodium perborate, 178, 186, 483 
Sodium perborosilicate, preparation, 179 
Sodium percarbonate, 186 


See 


also 


Sodium perpyrophosphate, 224 
Sodium pyrophosphate, properties, 170-1, 
172-4 
in special soaps, 456, 484 
perhydrate, 174, 186 
Sodium resinate, in salt water soap, 455, 
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Sodium rosinate, 288-9 
Sodium sesquicarbonate, specifications, 157 
in shampoos, 483 
Sodium sesquisilicate, 167 
Sodium silicates. See also Silicates. 
as builder, 417, 418 
history, 5 
in cold-made soap, 405-6 
in liquid soaps, 462 
in mottled soap, 377, 380 
in semi-boiled soap, 409-11 
in soft soap, 398 
Sodium stearate, cooling curves, 122 
drying, 130 
mesomorphic phases, 62-63 
phase diagram, 67, 85 
solubility, 77 
water absorption by, 126-127 
Sodium sulfate, 419 
Sodium tetraborate. See Borax. 
Sodium tetraphosphate. See also Tetraphos- 
phate. 
in special soaps, 440, 483 
properties, 175 
Sodium thiosulfate, 473 
Sodium tripolyphosphate, in liquid soaps, 
461 
in shampoos, 483 
properties, 176-7 
Sodium undecylenate, 493 
Softening, of water, 138-42, 171-2 
Soft soap. See also Potash soap. 
figged, 292-3 
for special soaps, 460, 484, 486 
from various oils, 274-5 
history, 5 
manufacture, 384-401 
medicinal, 498-9, 509 
petroleum, 428 
transparent, 193 
Solexol process, 223 
Solidification, of neat soap, 123-124 
of soap gel, 121-123 
Solubility, of soap, 76-77, 84, 86, 367, 368 
of salt water soap, 453 
of solvents, 437 
of toilet soaps, 364-5 
Solubility ratio, “05 
Solubilization, 21, 85-6, 427, 428 
Solvay process, 155-6 
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Solvent(s), characteristics, 435-8 
for solvent soaps, 428-31 
in mechanics’ soaps, 452 
Solvent soaps, 427-35 
Sorbitol, 476 
Soybean oil, for soft soap, 387, 396-8 
properties, 123, 275-6, 367-8 
refining of, 220, 229 
soap, 215 
Specialties, 471 
Specifications for 
abrasive soaps, 444-6, 449-50 
liquid soaps, 463-5 
medicated soaps, 497-9 
metasilicates, 167-8 
performance test, 455 
salt, 158 
salt water soap, 453-4 
shaving creams, 48] 
soaps, general, 412-3 
soft soap, 394-6 
Specific gravity. See Density. 
Splashed mottle, 379 
Spontaneous combustion of soap, 128 
Spot-removing, 433 
S. R. factors, 365-7 
Standards, in operation control, 313-5 
of material losses, 314-5 
Starch, as soap filler, 191 
Statistics, of soap industry, 1-5 
Staybellite, 296 
Steam distillation. See also Distillation. 
of fats, 223, 230 
Stearic acid, crystallization, 263 
for special soaps, 433, 439, 473, 475, 480 
structure, 46-47 
titer, 305 
Stearine, 439, 467. See also Cotton stearine. 
Stoddard solvent, 452, 435 
Storage of soft scap, 390 
Strengthening change, 27-29 
Structure, of soap, 45-57 
of transparent soap, 471 
Subneat phase, temperature range, 61-62 
Subwaxy phase, teniperature range, 61, 67 
Sugar, as builder. 420, 450, 458, 465 
Sulfate ester salts, 493 
Sulfite Jiquor. 194-196 
Sulfites, 224 
Sulfo-acids, 220 
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Sulfonates, in fat-splitting, 246 
in solvent soaps, 428, 430 
Sulfur, 482 
soaps, 505 
Sulfuric acid, in fat refining, 219, 229 
Sulfur oil(s), from olive oil, 283-4 
soap, 367-8 
Sulfurous acid, as bleach, 224, 346 
Sunflower oi], 209, 220, 228, 276-7, 387 
Supercurd, 82 
Superfatting, 158, 404, 407, 474, 475, 505 
Superwaxy phase, temperature range, 61-62 
Surface activity, of builders, 167 
Sweating, 132-134 
Synthetic detergents. See Detergents. 
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Talc, 180, 448 
Tall oil, for special soaps, 387, 393, 398, 
428, 455-6 
properties, 300-3 
Tallow, bleaching, 225-6 
for curd soap, 342 
for soft soap, 384, 396-8 
for special soaps, 454, 456, 473, 465-6 
for unsettled soap, 380 
refining of, 291-2 
soap, composition, 115, 118-9 
properties, 215, 352, 367-8 
titer, 305 
Tankage grease, 292 
Tar, 482 
soaps, 503-4 
Tear resistance of fabric, 417 
Ternary phase diagrams, methods for estab- 
lishing, 78-81 
Terpenes, 462, 502 
Tests 
for complete saponification, 336-7 
for fat in soap, 337 
for germicidal action, 493-4 
for graining-out, 322 
in soft soap manufacture, 389-90 
on cold-made soap, 403 
on mottled soaps, 378 
on salt water soaps, 455 
Tetrahydronaphthalene. See Tetralin. 
Tetralin, in solvent soaps, 428, 429, 430 
in textile soaps, 439 
properties, 436~7 
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Tetraphosphate, in water treatment, 142 
Textile soaps, 438-44 
Thickening agents, in liquid soaps, 458, 
460-1 
Threshold concentration, 348 
Titanium dioxide, 475 
Titer, of fats, 206-11 
of fatty acids, 305 
of olive oil, 283 
of rosin, 297 
of tallow, 305 
Toilet soap, builders in, 178, 192, 195 
cholesterol in, 204 
composition, 361 
for special soaps, 465, 483 
from solid fats, 221, 290 
from various oils, 277, 282, 283, 285, 290 
liquid, 457, 463 
manufacture, 364-74 
properties, 77, 123, 368-70 
superfatting of, 157-8 
Toluene, 435, 436-7 
Tooth paste, 286 
Transition temperatures, of 
soaps, 61-62 
of hydrated soaps, 63-64, 69-86 
Transparent soaps, 465~72, 485 
Trichloroethylene, 435, 436-7 
Triethanolamine, equivalent factors, 182 
for special soaps, 432, 477, 480, 485, 488, 
490 
specifications, 190 
Triethanolamine myristate, 261 
Triethanolammonium lauryl] sulfate, 434 
Trilon, 191 
Trimethylcyclohexanol, 430 
Trisodium phosphate, in fat refining, 220 
in special soaps, 444, 447, 456, 461 
properties, 141, 169-70, 171-2, 174 
Tubes, for shaving creams, 479 
Turbidity, 468 
Turkey red oil, 427-8, 460, 477, 488, 502 
Turpentine, 428, 436-7 
Twitchell reagent, 245-246 
Tylose, 192 


anhydrous 


U 


Ucahuba oil, 209 
Ultramarine, 378, 451 
Unsaponifiable matter, in fats, 206-11 
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Unsaponified fat, 27 

Unsaturated fatty acids, characteristics, 205 

Unsettled soaps, homogeneous, 382-4 
mottled, 375-82 


v 


Vapor pressure, of soap-water systems, 

illic 
of solvents, 436 

Vaseline, 407 

Vegetable fats, 206-8. See also Fats, Oils. 

Vegetable oils, 273-90. See also Fats, Oils, 
and specific oils, as Almond oil, Ba- 
bassu kernel oil. 

Versene, 462 

Viscosity, of neat soap, 104, 109 

Volcanic ash, 445, 449 


WwW 
Wash systems, countercurrent, 319-28, 340 


in full-boiled process, 317-25 


525 


Water, absorption by soap gels, 124-126 
in mottled soap, 379 
in soft soap, 389-90 


softening of, 171-172, 414 

treatment of, 137-142 
Wax cake method, 381 
Waxy phase, temperature range, 61, 67 
Whale oil, soap, 215, 367-8 


Whiting, 449 
Wood flour, 450 


Wool, treatment of, 438-43 


Xylene, 435, 436-7 


Zeolites, 139-141 
Zinc persulfate, 186 
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